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Abstract 



A SAW filter includes a first SAW resonator (21 , R1 A, R1 B) having a pair of terminals and a 
predetermined resonance frequency (frp), the first SAW resonator being provided in a parallel arm (24) 
of the SAW filter. A second SAW resonator (23) has a pair of terminals and a predetermined resonance 
frequency (frs) approximately equal to a predetermined antiresonance frequency of the first SAW 
resonator (fap). The second SAW resonator is provided in a series arm (24) o f the S AW filter. An 

inductance element (25, L1) is connected in series to the first SAW resonator. I 
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Description 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 



The present invention generally relates to surface acoustic wave (SAW) filters, and more particularly to 
a ladder-type SAW filter suitable for an RF (Radio Frequency) filter provided in pocket and mobile 
telephones, such as automobile phones sets and portable phones. 



2. Description of the Prior Art 



In Japan, an automobile phone or portable phone system has a specification in which a transmission 
frequency band is +/-8.5MHz about a center frequency of 933.5MHz. The ratio of the above 
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transmission band to the center frequency is approximately 2%. 

Recently, SAW filters have been employed In automobile phone or portable phone systems. It is 
required that the SAW filters have characteristics which satisfy the above specification. More 
specifically, it is required that the pass band width is so broad that 1) the ratio of the pass band to t^ie 
center frequency is equal to or greater than 2%. 2) the insertion loss is small and equal to 6dB - 2dB, 
and 3) the suppression factor is high and equal to 20dB - 30dB. 

in order to satisfy the above requirements, SAW filters are substituted for conventional transversal 
filters. Generally, SAW elements are so connected that a ladder-type filter serving as a resonator is 
formed. 

Fig. 1 is an equivalent circuit of a SAW filter disclosed in Japanese Laid-Open Patent Publication No. 
52-19044, A SAW filter 1 shown in Fig. 1 comprises a SAW resonator 3 in a series arm 2, and a SAW 
resonator 5 in a parallel arm 4. The equivalent parallel capacitance COB of the resonator 5 in the 
parallel arm 4 is larger than the equivalent parallel capacitance COA of the resonator 3 in the series 
arm 2. 

The SAW filter 1 shown in Fig. 1 has a characteristic shown in Fig. 2. A curve 6 shows an attenuation 
quantity v. frequency characteristic of the SAW filter 1 . As indicated by arrows 7 shown in Fig. 2, the 
suppression factor increases as the equivalent parallel capacitance COB increases. However, as the 
equivalent parallel capacitance COB increases, the band width decreases, as indicated by arrows 8. 
and the insertion loss increases, as indicated by an arrow 9. Hence, the characteristic deteriorates, as 
indicated by a broken line 10. When trying to obtain a suppression fector equal to or larger than 20dB, 
the band width is decreased so that the ratio of the pass band to the center frequency is equal to or 
smaller than 1%, and does not satisfy the aforementioned specification of the 800MHz-band radio 
systems. 



SUMMARY OF THE INVENTION 



It is a general object of the present invention to provide a SAW filter in which the above disadvantages 
are eliminated. 

A more specific object W the pre^sent F^^^ is to provide a SAW filter having a large band width, a 
large suppression factor, and a small insertion loss. 

The above objects of the present invention are achieved by a SAW filter comprising: a first SAW 
resonator (21 , R1 A, R1 B) having a pair of terminals and a predetermined resonance frequency (frp), 
the first SAW resonator being provided in a parallel arm (24) of the SAW filter; a second SAW 
resonator (23) having a pair of terminals and a predetermined resonance frequency (frs) approximately 
equal toa the predetermined antiresonance frequency of the first SAW resonator (fap), the second 
SAW resonator being provided in a series arm (24) of the SAW filter; and an inductance element (25, 
LI) connected in series to the first SAW resonator. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects, features and advantages of the present Invention will become more apparent from the 

following detailed description when read in conjunction with the accompanying drawings, in which: 

Fig. 1 is an equivalent circuit diagram of a conventional SAW filter; 

Fig. 2 is a graph of a characteristic of the conventional SAW filter shown in Fig. 1 ; 

Fig. 3 is a circuit diagram of a SAW filter according to the present invention; 

Fig. 4 is a block diagram of the basic structure of a filter circuit using a resonator; 

Figs. 5A, 5B and 5C are diagrams showing a one-terminal-pair SAW resonator; 

Fig. 6 Is a diagram showing frequency characteristics of Impedance and admittance of the one-terminal 

-pair SAW resonator; 

Fig. 7 is a diagram showing an immittance characteristic of a SAW resonator and a filter characteristic 
of the filter shown in Fig. 3 using that SAW resonator; 

Figs. 8A and 8B are diagrams showing the characteristics of the conventional SAW filter shown in Fig. 

1; 

Figs. 9 A and 9B are diagrams showing effects obtained when an inductance is connected in series to a 
resonator; 
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Fig. 10 is a diagram showing effects obtained when n one-tenminal-pair resonators are connected in 

series; 

Figs. 1 1A and 1 1B are diagrams showing an aperture length dependence on a parallel-arm resonator; 
Figs. 12A and 12B are diagrams showing an aperture length dependence on a series-arm resonator; 
Fig. 13 is a circuit diagram of a SAW filter according to a first embodiment of the present invention; 
Fig. 14 is a diagram showing a band characteristic of the filter shown in Fig. 13; 
Figs. 15A and 15B are diagrams showing effects obtained when an inductance is added to a parallel- 
arm resonator; 

Fig. 16 Is a plan view of the structure of the SAW filter shown in Fig. 1 3 with a lid removed therefrom; 

Fig. 17 is a cross-sectional view taken along a line XVII-XVII shown in Fig. 16; 

Fig. 18 is a diagram of a SAW according to a second embodiment of the present invention; 

Fig. 19 is a diagram showing a band characteristic of the filter shown in Fig. 18; 

Figs. 20A and 208 are diagrams showing effects based on the ratio of the aperture length of the 

parallel-arm resonator to the aperture length of the series-arm resonator 

Fig. 21 is a diagram of a SAW filter according to a third embodiment of the present invention; 

Fig. 22 is a diagram showing a band characteristic of the filter shown in Fig. 21 ; 

Fig. 23 is a diagram of a SAW filter according to a fourth embodiment of the present invention; 

Fig. 24 is a diagram showing a band characteristic of the filter shown in Fig. 23; 

Fig. 25 is a circuit diagram of a SAW filter according to a fifth embodiment of the present invention; 

Fig. 26 is a diagram showing a band characteristic of the filter shown in Fig. 25; 

Fig. 27 is a circuit diagram of a SAW filter according to a sixth embodiment of the present invention; 

Fig. 28 is a diagram showing a first one-terminal-pair SAW resonator shown In Fig. 27; 

Fig. 29 is a diagram showing a band characteristic of the filter shown in Fig. 27; 

Fig. 30 Is a diagram showing the influence of the reflector setting position on the width of a ripple; 

Fig. 31 is a plan view of the structure of the SAW filter shown in Fig. 27 with a lid removed therefrom; 

Fig. 32 is a diagram showing a variation of the first one-terminal-pair SAW resonator shown in Fig. 27; 

Fig. 33 is a diagram showing another variation of the first one-terminal-pair SAW resonator shown in 

Fig. 27; 

Fig. 34 is a circuit diagram of a SAW filer according to a seventh embodiment of the present invention; 
Fig. 35 is a diagram showing the relation between the film thickness of the electrode and the ripple 

occun-ence position; 

Fig. 36 is a diagram showing a state In which a ripple arising from reflectors of a parallel-arm resonator 
has been dropped into a high-frequency attenuation pole; 

Figs. 37A, 37B and 37C are diagrams showing a film thickness' dependence on the pass band 
characteristic of a resonator-type filter; 

Fig. 38 is a diagram showing the results of an experiment concerning the film thickness' dependence on 
the insertion toss and the ripple occurrence position; 

Fig. 39 is a diagram of a first one-terminal-pair SAW resonator according to an eighth embodiment of 
the present invention; 

Fig. 40 is a diagram showing a band characteristic of the SAW filter shown In Fig. 39; 

Fig. 41 is a diagram showing a variation of the first one-terminal-pair SAW resonator used in the eighth 

embodiment of the present invention; 

Fig. 42 is a plan view of a structure which realizes inductors used in the filter shown in Fig. 13; 
Fig. 43 is a diagram of another structure which realizes inductors used in the filter shown in Fig. 13; 
Fig. 44 is a circuit diagram of a SAW filter according to an eleventh embodiment of the present 
Invention; 

Fig. 45 is a perspective view of the SAW filter shown in Fig. 44; 

Fig. 46 is a diagram showing an immittance characteristic of a SAW resonator in which the resonance 
frequency is higher than the antiresonance frequency; 

Figs. 47A, 47B and 47C are diagrams showing variations in the band characteristic of the ladder-type 
filter observed when the difference between the resonance frequency and the antiresonance frequency 
increases from zero; 

Figs. 48A and 48B are diagrams showing how to measure the characteristics of the SAW resonator; 
Fig. 49 is a graph showing admittance and immittance characteristics of SAW resonators in the series 
arm and the parallel arm; 

Fig. 50 is a diagram showing the frequency' dependence on the product of bx; 

Fig. 51 Is diagram showing an equivalent circuit In which a part of the circuit shown in Fig. 44 is 

expressed by means of L and C; 

Fig. 52 is a diagram showing the relation between bxmax and DELTA f/frs; 
Fig. 53 is a diagram showing the relation between k and tau ; 

Fig. 54 is a circuit diagram of a SAW filter according to a twelfth embodiment of the present invention; 
Fig. 55 is a perspective view of the SAW filter shown in Fig. 54; 

Fig. 56 is a diagram showing a filter characteristic of the SAW resonator shown in Fig. 53; 

Fig. 57 is a diagram showing a characteristic obtained when an output-side admittance of the filter 

shown in Fig. 64 is reduced; 
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Figs. 58A and 58B are circuit diagrams of unit sections; 

Figs. 59A. 59B and 59C are circuit diagrams showing multi-connections of unit sections; 

Fig. 60 is a diagram showing a connection of two four-terminal circuits and an interface therebetween; 

Figs. 61 A, 61 B and 61C are circuit diagrams showing unit section connecting ways; 

Fig. 62 is a diagram showing how n unit sections are cascaded; 

Figs. 63A, 63B and 63C are circuit diagrams showing how ladder-type circuits are configured using the 

unit sections; 

Fig. 64 is a circuit diagram of a conventional SAW filter; 

Fig. 65 is a circuit diagram of a SAW filter according to a thirteenth embodiment of the present 
invention; 

Fig. 66 is a circuit diagram of a SAW filter according to a fourteenth embodiment of the present 
invention; 

Fig. 67 is a diagram showing a SAW filter according to a fifteenth embodiment of the present invention; 

Fig. 68 is a perspective view of the SAW filter shown in Fig. 67; 

Fig. 69 is a diagram showing a filter characteristic of the filter shown in Fig. 68; 

Fig. 70 is a circuit diagram of a ladder-type filter In which SAW resonators having different resonance 

frequencies are respectively provided in the parallel and series arms; 

Fig. 71 is a diagram showing a firequency characteristic of the admittance of the parallel-arm resonator 

and a firequency characteristic of the impedance of the series-arm resonator; 

Fig. 72 is a circuit diagram of a wave filter according to a sixteenth embodiment of the present 

invention; 

Fig. 73 is a Smith's chart of the wave filter shown in Fig. 72; 

Fig. 74 Is a circuit diagram of a wave filter according to a seventeenth embodiment of the present 
invention; 

Fig. 75 is a Smith's chart of the wave filter shown in Fig. 74; 

Fig. 76 is a circuit diagram of a wave filter according to an eighteenth embodiment of the present 
invention; 

Fig. 77 is a Smith's chart of the wave filter shown in Fig. 76; 

Fig. 78 is a circuit diagram of a wave filter according to a nineteenth embodiment of the present 
invention; and 

Fig. 79 is a Smith's chart of the wave filter shown In Fig. 78. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 3 shows an overview of a SAW filter 20 according to the present invention. The SAW filter 20 
comprises a first SAW resonator 21 having a pair of terminals, a parallel arm 22, a second SAW 
resonator 23 having a pair of terminals, a series arm 24, and an inductor 25. The first resonator 21 
connected to the parallel arm 22 has a predetermined resonance frequency frp. The second resonator 
21 connected to the series arm 24 has a predetermined resonance frequency frs approximately equal 
to an antiresonance frequency fap of the first resonator 21 . The Inductor 26 Is connected In series to 
the first resonator 21, and provided in the parallel anm 22. 

The principle of the SAW filter 20 will now be described. Use of image parameters is convenient to 
verify whether or not a resonance circuit has a filter characteristic. The details of image parameters are 
described in the following document: Yanaglsawa et al., "Theory and Design of Filters", Sanpo 
Shuppan. Electronics Sensho, pp.192 - pp.203, 1974. 

First of all, a basic ladder-type circuit having a filter characteristic will be described with reference to 
Fig. 4. Two black boxes 30 and 31 shown in Fig. 4 are respectively SAW resonators. For the sake of 
simplicity, it will now be assumed that the SAW resonators 30 and 31 are respectively reactance 
circuits having no resistance, and that the impedance Z of the resonator 30 provided in the series arm 
is equal to jx, and the admittance Y of the resonator 31 provided in the parallel arm is equal to jb. 

According to the image parameter method, an image transfer quantity tau (a complex number) defined 
in the following equation has the important meaning: 
"(1)" exp(tau ) = V1.I1A/2J2 

where VI and II denote an input voltage and an input current, respectively, and V2 and 12 denote an 
output voltage and an output current, respectively. The equation (1) can be rewritten as follows: where 
A, B, C and D denote parameters of an F matrix showing the whole circuit shown in Fig. 4. When the 
value expressed by the equation (2) is an imaginary number, the two-terminal-pair circuit shown in Fig. 
4 has a pass band characteristic. With the above value being a real number, the circuit shown in Fig. 4 
has an attenuation characteristic.The ABCD parameters can be rewritten using the above-mentioned x 
and b: Hence, the following equation (4) can be obtained firom the equation (2) using the above ABCD 



file.7/G:¥Documents%20and%20Settings¥kata¥My%20DoGuments¥espacenet¥JP51... 2003/09/17 



5/26 ^-V 



parameters: 

"(4).".tanh(tau) = bx/(bx-1) 

When 0 < bx < 1, that Is, when b and x have the same sign and are small values, the entire circuit 
shown in Fig. 4 has a pass band characteristic. When bx 1, that is, when the b and x have different 
signs? or the product of bx is a large value, the circuit shown in Fig. 4 has an attenuation characteristic. 

In order to qualitatively understand the frequency characteristics of b and x, the impedance and 
admittance of the SAW resonators will not be considered. 

As shown in Fig. 5A, a SAW resonator having a pair of terminals comprises an interdigital electrode 40 
(see "Nikkei Electronics", November 29, pp.76 - pp.98, 1976). A reference number 41 indicates a pair 
of electrodes, 42 indicates an aperture length (crossing width), and 43 indicates an interdigital electrode 
period. When the resistance of the interdigital electrode 40 is neglected, the SAW resonator shown in 
Fig. 5A has an equivalent circuit 45 shown in Fig. 5B, in which CO denotes the electrostatic capacitance 
of the interdigital electrode 40. C1 and L1 denote equivalent constants. Hereinafter, the equivalent 
circuit 45 is depicted by symbol 46 shown in Fig. 5C. 

Fig. 6 qualitatively shows an impedance vs. frequency characteristic (A) of the equivalent circuit shown 
in Fig. 5B, and an admittance vs. frequency characteristic (B) thereof. The characteristics shown in (A) 
and (B) of Fig. 6 are double resonance characteristics in which two resonance frequencies fr and fa 
exist. It will be noted that a resonator having a crystal has a double resonance characteristic. When the 
resonators respectively having a double resonance characteristic are arranged in the series and 
parallel arms, respectively, and an antiresonance frequency tap of the parallel arm is made 
approximately equal to a resonance frequency frs of the series arm, a circuit can be configured which 
has a band-pass-type filter characteristic having the center frequencies fap and frs.This is because, as 
shown in an immittance vs. frequency characteristic shown in (A) of Fig. 7. the relation 0 < bx 1 is 
satisfied in a frequency range slightly away from the center frequency and the relation bx <0 is satisfied 
in a frequency range far away from the center frequency, the latter two frequency ranges serving as 
attenuation bands. Hence, the SAW filter shown in Fig. 4 has a qualitative filter characteristic 47 shown 
in (B) of Fig. 7. 

A description will now be given of the factors that determine the band width In the resonator-type SAW 
filters. As is seen from Fig. 7, the band width is mainly dependent on the difference between the 
resonance frequency fr and the antiresonance frequency fa of each of the two resonators. The band 
width increases as the above difference increases, while the band width decreases as the difference 
decreases. The resonance frequency fr and the antiresonance frequency fa can be determined using 
the following equations, using the equivalent circuit constants shown in Fig. 5B: 

"(5)"fr=1/2. pi (C1xL1) 

"(6)"fa = fr.(1+1/tau) 

"(7)" tau = C0/C1 

where tau denotes the capacitance ratio.The ratio of the pass band to the center frequency ( DELTA 
f/fo) is mainly dependent on the difference between fr and fa, and is therefore expressed in the 
following expression, using the equations (6) and (7): 

It can be seen from the equation (8) that the capacitance ratio tau is the main factor which determines 
the ratio of the pass band to the center frequency. However, as set forth in Japanese Laid-Open Patent 
Publication No. 52-19044, the capacitance ratio is much dependent on the type of substrate material 
used for the interdigital electrode. For example, an ST-cut crystal having a small electromechanical 
coupling coefficient has a capacitance ratio tau equal to or greater than 1300, while a 36 DEG Y-cut X- 
propagation LiTa03 substrate having a large electromechanical coupling coefficient has a capacitance 
ratio tau of approximately 15. The ratio of the pass band to the center frequency is 0.04% for ST-cut 
crystal, and 3.3% for the 36 DEG Y-cut X-propagation LiTa03 substrate. Hence, the band width is 
much dependent on the substrate material. 

The band width decreases as the equivalent parallel capacitance COB increases in order to improve 
the side lobe suppression factor according to Japanese Laid-Open Patent Publication No. 52-19044. 

The above phenomenon will now be described with reference to Figs. 8A and 8B. As Is seen from the 
previous description of the principle of the present invention, as the admittance value increases while fr 
and fa of the parallel resonator are kept constant, the product of bx has a negative sign and increases, 
as shown in Fig. 8A. However, the bx product increases around the center frequency, and hence the 
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range of bx>1 increases. Hence, the pass band in which the relation 0 < bx fap. In this case, the 
condition bx < 0 occurs around the center frequency, and hence the aforementioned pass band 
condition is not satisfied. Hence, there is a possibility that an insertion loss and a ripple may increase. 
However, by controlling DELTA f= frs - fap, it is possible to substantially suppress the increase in the 
insertion loss and the ripple and to expand the increase in the pass band. 

A description will now be given of embodiments of the present invention. The embodiments which will 
be described are based on a simulation. Hence, this simulation will be described first, as well as the 
results of comparisons between the experimental results and the simulation in order to show the validity 
of the simulation. 

The equivalent circuit shown In Fig. 5B easily simulates the characteristic of the SAW resonator having 
a pair of terminals, while that equivalent circuit is not suitable for simulating, with high accuracy, 
variations in the number of figure pairs, the aperture length and the electrode thickness, and the effects 
of a reflector. With the above In mind, the inventors have proposed an improved simulation which uses 
a Smith's equivalent circuit model and expands a transfer matrix to analyze the SAW resonators (see 
O. Ikata et al.. "1990 ULTRASONIC SYMPOSIUM Proceedings, vol. 1. pp.83 - pp.86, 1990; the 
disclosure of which is hereby Incorporated by reference). 

Fig. 11 A is a graph showing the results of the simulation (calculation) for an arrangement in which a 
SAW resonator having a pair of terminals is disposed in the parallel arm. Fig. 1 1 B is a graph showing 
the results of the experiment on an arrangement in which a one-terminal-pair SAW resonator including 
an interdigital electrode made of AI-2%Cu and having a film thickness of 1600 ANGSTROM is disposed 
in a parallel arm, and bonding wires (L = 1 .5nH) having a length of 3mm are connected to the 
interdigital electrode. It can be seen from Figs. 1 1 A and 118 that the calculation values match the 
experiment values with respect to variations in the resonance points (fr1 , fr2, fr3) as well as the 
attenuation quantities observed around the resonance points for different aperture lengths (a = 60. 150, 
300 mu m). 

Fig. 12A is a graph showing the results of the simulation for an arrangement in which a SAW resonator 
having a pair of terminals is disposed in the series arm. The bonding pads used in the experiment 
which will be described later were slightly large, and the simulation was carried out taking into account 
a stray capacitance O.SpF of the bonding pads. Fig. 128 is a graph showing the results of the 
experiment on an arrangement in which a SAW resonator having a pair of terminals is disposed in the 
series arm. It can be seen from Figs. 12A and 128 thatJhe^tiresonanceJrequencies^fa-Vfa2-and fia3 
do not depend on the aperture length^nd that the simulation results match the experimental results 
regarding variations in the attenuation quantity around the resonance frequencies. 

Hence, it will be apparent from the above that the results of a simulation of the filter with the 
combination of the resonators disposed in the parallel and series arms match the results of the 
experiment. The embodiments described below are based on the result of simulations. 

Fig. 13 shows a SAW filter 60 according to a first embodiment of the present invention. In Japan, an 
automobile and portable telephone system has a specification in which the +/-8.5MHz range about a 
center frequency of 933.5MH2 is a transmission band for mobile telephones and the +/-8.5MHz range 
about a center frequency of 878.5MHz separated from 933.5MHz by -55MHz is a reception band. The 
SAW filter 60 according to the first embodiment of the present invention is designed to be suitable for 
transmission filters of mobile telephones. 

As shown in Fig. 13, two one-terminal-pair SAW resonators R2 and R4 are arranged in a series arm 
61, and three one-terminal-pair SAW resonators R1, R3 and R6 are respectively arranged in parallel 
arms 62, 63 and 64. Inductors L1, L2 and L3 are provided in the parallel arms 62, 63 and 64, and are 
connected in series to the resonators R1, R3 and R5, respectively. Each of the resonators R1 - R5 has 
the interdigital electrode structure shown in Fig. 5A. The number of finger pairs Is 100, and the aperture 
length is 80 mu m. The electrodes are made of AI-2%Cu, and are 3000 ANGSTROM thick. The 
resonance frequencies of the resonators R1 , R3 and R5 respectively provided in the parallel arms 62, 
63 and 64 are 912MHz, and the antiresonance frequencies thereof are 934MHz.The resonance 
frequencies of the resonators R2 and R4 respectively provided in the series arm 61 are 934MHz, and 
the antiresonance frequencies thereof are 962MHz. The inductors LI, L2 and L3 respectively have an 
inductance L of 4nH. 

The SAW filter 60 having the above structure has a band characteristic indicated by a cun/e 65 shown 
in Fig. 14. Characteristic curves 66 and 67 in Fig. 14 are respectively obtained when the inductance L 
is equal to 2nH and 6nH. 
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A curve 70 shown in Fig. 15A illustrates the inductance' dependence on the band width obtained on the 
basis of the graphs of Fig. 14. The band width is defined as the frequency width between the points on 
the curve where the insertion loss is 3dB greater than the minimum value. 

A curve 71 shown in Fig 15B illustrates an side lobe suppression factor* dependence on the inductance 
obtained on the basis of the graphs of Fig. 14. It can be seen from Fig. 14 that a sufficient suppression 
factor is not obtained at a frequency which is 55MHz lower than the center frequency when the 
Sductance L is too large. With the above in mind, an inductance L of 4nH is selected. The value of the 
inductance L is suitable selected in accordance with the specification of filters. 

A curve 68 in Fig. 14 shows a band characteristic of a configuration in which LI = L2 = L3 = 0 in Fig. 
13 It can be seen from comparison between the band characteristic (curve 65) of the firet embodiment 
and that (curve 68) of the conventional filter that the filter 60 according to the firet embodiment has a 
large pass band width (arrow 75). a large side lobe suppression factor (arrows 76). and a low insertion 
loss (arrow 77). 

Fias 1 6 and 1 7 show a SAW filter device 80 which functions as the SAW filter 60 shown in Fig. 13. The 
SAW filter device 80 comprises a ceramic package 81 . a filter chip 82. and a lid 83 semng as the 
around The ceramic package 81 is made of alumina ceramics, and has dimensions of 5.5mm (length) 
? 4mm (width) X 1.5mm (height). Electrode terminals 84-1 - 84-6 made of Au are fomied on the ceramic 
package 81 . The filter chip 82 is made of LiTa03. and has dimensions of 2mm (length) x 1 .55mm 
(width) X 0.5mm (thickness). 

Resonators R1 - R5 are arranged on the filter chip 82 so that each of the resonators R1 - R,5 does not 
own propagation paths in common with other resonators. Each of the resonators R1 - R5 has an 
interdigitel electrode made of AI-2%Cu in which the number of finger pairs is 100. the aperture length is 
80 mu m. and the film thickness is 3000 ANGSTROM . 

Further two signal line tenninals 85-1 and 85-2 for bonding and three ground terminals 85-3 85-4 and 

85- 4 for bonding are formed on the surface of the filter chip 82. Reference numbers 86-1 - 86-5 indicate 
bonding wires made of Al or Au. The bonding wires 86-1 - 86-5, each having a diameter of 25 mu mO. 
connect the terminals 84-1 - 84-5 and the terminals 85-1 - 85-5. The bonding wires 86-1 and 86-2 
respectively form parts of the series arms 61a and 61 b. The wire 86-3 is connected between the 
ground electrode terminals 84-3 and 85-3, and the wire 86-4 is connected between the ground 
electrode terminal 84-4 and 85-5. The wire 86-5 is connected between the ground electrode terminals 
84-5 and 85-5. The wires 86-3 - 86-5 are long and. for example. 2.0mm long. 

Accordinq to the theory of high frequencies, a fine, long wire has an inductance component. According 
to the theoretical equation of a ribbon inductor located in a space (see Kuraishi, Exercise Microwave 
circuit". Tokyo Denki Daigaku Shuppan-Kyoku, pp. 199), the inductances of the wires 86-3. 86-4 and 

86- 5 are approximately equal to InH. It is insufficient to obtain an inductance of 4nH by means of only 
the wires. As will be described later, inductors are formed on the ceramic package 81 and the filter chip 
82. In this manner, the inductors LI. L2 and L3 are formed. 

A description will now be given of a SAW filter according to a second embodiment of the present 
invention Fig 18 shows a SAW filter 90 according to the second embodiment of the present invention. 
In Fiq 1 8 parts that are the same as parts shown in the previously described figures are given the 
same reference numbers. The resonator R2 in the series arm 61 has an aperture length As of 80 mu 
m A resonator R1 A and the inductor LI connected in series to each other are provided in the parallel 
arm 62 The resonator R1 A has an aperture length Ap of 120 mu m. The aperture length Ap is larger 
than the aperture length As. being 1.5 times the aperture length As. The numbers Np and Ns of finger 
pairs of the resonators R2 and R1A are 100. 

The filter 90 shown in Fig. 19 has a band characteristic indicated by a curve 91 shown in ^'9 \9 J* ?an 
be seen from comparison between the curve 91 and the characteristic curve 65 of the firter 60 that the 
filter 90 has an improved side lobe suppression factor without a change in the pass band width. 

Fias 20A and 20B show a band characteristic' dependence on the aperture length in the filter shown in 
Flo 18 More particulariy. Fig. 20A shows a cun/e 92 indicating the dependence on the aperture length 
with an inductance L of 4nH connected to the resonator, and a curve 93 indicating the dependence on 
the aperture length without any inductance. The horizontal axis of Fig. 20A denotes the ratio Ap/As 
and the vertical axis thereof denotes the side lobe suppression factor (dS). Fig. 20B shows a pass band 
width s the ratio Ap/As characteristic. A curve 95 indicates the dependence on inductance with an 
inductance L of 4nH connected to the resonator, and a curve 96 indicates the dependence on 
inductance without any inductance. 
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The following can be seen from Figs. 20A and 20B. First, the side lobe suppression factor increases 
when making the aperture length Ap of the resonator R1A in the parallel arm 62 larger than the 
aperture length As of the resonator R2 in the series arm 61. Second, the effect of the aperture length 
Ap of the resonator R1 A is increased without deterioration of the pass band width by providing the 
inductor L1 in the parallel arm 62. It can be seen from the above that the filter 90 has an improved side 
lobe suppression factor while the pass band width is not narrowed, as compared to the filter 60. 

A description will now be given of a third embodiment of the present invention with reference to Fig, 21, 
in which parts that are the same as parts shown in the previously described figures are given the same 
reference numbers. A SAW filter 100 shown in Fig. 21 comprises a resonator RIB provided in the 
parallel arm 62, and the resonator R2 provided in the series arm 61. The number Ns of finger pairs of 
the resonator R2 is 100. The inductor L1 is connected in series to the resonator R1 B. The number Np 
of finger pairs of the resonator R1 B is 1 50, and Is 1 .5 times the number Ns of finger pairs. The aperture 
lengths As and Ap of the resonators R2 and R1A are 80 mu m. 

The filter 100 shown in Fig. 21 has a band characteristic indicated by a curve 101 shown in Fig. 22. It 
can be seen from comparison between the band characteristic curve 65 of the filter 60 and the 
characteristic curve 101 of the filter 1 00 that the filter 100 has an improved side lobe suppression factor 
indicated by arrows 102 without reducing the pass band width. It can also be seen from comparison 
between the band characteristic curve 91 of the filter 90 and the characteristic curve 101 that the 
insertion loss of the filter 1 00 is less than that of the filter 90. Hence, the filter 1 00 has an improved side 
lobe suppression factor while the pass band width is reduced, and has an insertion loss smaller than 
that of the filter 90. 

A description will now be given of a fourth embodiment of the present invention with reference to Fig. 
23, in which parts that are the same as parts shown in the previously described figures are given the 
same reference numbers. A filter 110 according to the fourth embodiment is intended to Increase the 
difference between the resonance frequency fr and the antiresonance frequency fa of the resonator in 
the series arm and to thereby improve the band characteristic. Two identical resonators R2 are 
provided in the series arm 61, and two identical resonators R4 are provided therein. An inductor Ls 
having an inductance of 3nH is connected in series to the resonators R2, and another inductor Ls 
having an inductance of 3nH is connected in series to the resonators R4. The resonators R1, R3 and 
R5 are respectively provided in the parallel arms 62, 63 and 64.The filter 110 has a band characteristic 
indicated by a curve 111 shown in Fig. 24. . _ . . ^ . — 

A description will now be given of the effects provided by adding one inductor Ls and two resonators 
R2 and R4. When one inductor Ls and two resonators R2 and R4 are omitted from the filter 110, the 
remaining circuit configuration consists of five resonators R1, R2, R3, R4 and R5. The band 
characteristic of the remaining circuit configuration is indicated by a curve 68 (see Fig. 14). By adding 
one inductor Ls, the pass band width is increased, as indicated by arrows 112 and the side lobe 
suppression factor is also Increased, as indicated by arrows 113. Particularly, the pass band width is 
large at frequencies higher than the center frequency, and is increased by approximately 15MHz. The 
band characteristic with the inductor Ls added to the conventional filter 1 is indicated by curve 114. In 
this case, a sufficient side lobe suppression factor is not obtained. Hence, two resonators R2 and R4 
are further added to the conventional filter 1 with the inductor Ls added thereto. As indicated by arrows 
115, the side lobe suppression factor is improved by approximately 5dB without reducing the band 
characteristic, and a band characteristic curve 111 can be obtained. It can be seen from comparison 
between the curves 111 and 68 that the insertion loss is also improved, as indicated by arrows 1 16. It is 
possible to use more than two resonators R3 and more than two resonators R4. Further, as indicated 
by the two-dot chained line in Fig. 23, inductors can be provided in the parallel arms 62 - 64. 

A description will now be given of a fifth embodiment of the present invention with reference to Fig. 25, 
in which parts that are the same as parts shown in the previously described figures are given the same 
reference numbers. A SAW filter 120 shown in Fig. 25 comprises five resonators R1 - R5, and three 
inductors LI - L3. The inductor L1 in the parallel arm 62 has an inductance Lpl of 4nH. and the 
Inductor L2 in the parallel arm 63 has an inductance Lp2 of 5.5nH. Further, the inductor L3 in the 
parallel arm 64 has an inductance Lp3 of 7nH. 

By making the inductors LI. L2 and L3 have different inductance values, the filter 120 has a band 
characteristic indicated by a curve 121 shown In Fig. 26. Let us compare the characteristic curve 121 
with the characteristic curve 65 (Fig. 14) of the filter 60 shown in Fig. 13 in which all the inductance 
values are the same as each other. It can be seen from the above that the filter 120 has an improved 
side lobe characteristic without reducing the pass band width, as compared to the filter 60. The 
characteristic curve 65 has an attenuation pole 123 located around a frequency of 902MHz, while the 
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characteristic curve 121 has two attenuation poles 124 and 125 respectively located around 875MHz 
and 892MHz. A frequency band 126 between the poles 124 and 125 functions as a blocking range 127. 

* 

A description will now be given of a sixth embodiment of the present invention with reference to Fig. 27, 
in which parts that are the same as parts shown in the previously described figures are given the same 
reference numbers. A SAW filter 130 shown in Fig. 27 comprises two SAW resonators R2 and R4 
provided in the series arm 61, and three SAW resonators RIB. R3B and R5B respectively provided in 
the parallel arms 62, 63 and 64. 

As shown in Fig. 28, the resonator R1B has an exciting interdigital electrode 131, and reflectors 132 
and 133 respectively disposed on both sides of the electrode 131. The reflectors 132 and 133 are 
positioned so that beta = 0.4 in which beta is obtained from the following equation: 
d = (n+ beta ). lambda 

where d is the distance between the center of the electrode 131 and each of the reflectors 132 and 
133, n is an arbitrary integer, beta is a real number equal to or less than 1, and lambda is the period of 
the interdigital electrode 131 corresponding to its resonance frequency. 

The number of finger pairs of each of the reflectors 132 and 133 is 50. The resonators respectively 
equipped with the reflectors are indicated by the symbol "*" shown in Fig. 27. The resonators R3B and 
R5B respectively provided in the parallel arms 63 and 64 respectively have two reflectors in the same 
manner as the resonator RIB. 

The filter 130 shown in Fig. 27 has a band characteristic indicated by a curve 134 shown in Fig. 29. As 
compared to the characteristic curve 65 of the filter 60 (Fig. 13), the insertion loss in the filter 130 is 
improved, as Indicated by an arrow 135. A ripple rp arises firom the arrangement of the reflectors 132 
and 133. 

A description will now be given of the reason why the reflectors 132 and 133 are arranged in the above- 
mentioned manner. The influence of the ripple rp observed when beta is changed from 0 to 0.5 is 
illustrated by a curve 140 shown in Fig. 30. The smallest ripple width can be obtained at a point 141 at 
which beta is 0.4. 

Fig. 31 shows a SAW filter device 150 functioning as the filter 130 shown in Fig. 27. In Fig. 31, parts 
that are the same as parts shown in the previously described figures are given the same reference 
numbers as previously. The filter device 150 comprises reflectors 132, 133, 151, 152. 153 and 154. 

Variations of the one-terminal-pair SAW resonators RIB, R3B and R5B wilt now be described. 

Fig. 32 shows a first variation R1Ba, which comprises Interdigital electrodes 160 and 161 respectively 
arranged on both sides of the exciting interdigital electrode 131. Each of the interdigital electrodes 160 
and 161 , which functions as a refiector, is an electrode in which the electric load thereof is of a short- 
circuit type. 

Fig. 33 shows a second variation RIBb, which comprises strip array type electrodes 167 and 166 
respectively arranged on both sides of the electrode 131. 

A description will now be given of a seventh embodiment of the present invention with reference to Fig. 
34, in which parts that are the same as parts shown in the previously described figures are given the 
same reference numbers. A SAW filter 170 shown in Fig. 34 comprises two SAW resonators R2 and 
two resonators R4 respectively provided in the series arm 61, and three SAW resonators RIB. R3B 
and R5B respectively provided in the parallel arms 62, 63 and 64. Two inductors Ls are provided in the 
series arm 61, as shown in Fig. 34. 

The filter 170 is obtained by replacing the resonators R1 , R3 and R5 shown in Fig. 23 with the 
resonators RIB, R3B and R5B shown in Fig. 28. As has been described previously, the reflectors 132 
and 133 shown in Fig. 28 are positioned so that the condition beta =0.4 is satisfied. The filter 170 has a 
loss of the pass band smaller than that of the filter 110 shown in Fig. 23, and a suppressed ripple. 

A description wl!! now be given of an eighth embodiment of the present invention, which is intended to 
eliminate the ripple rp shown In Fig. 29. First of all, a means for effectively eliminating the ripple rp 
arising from the reflectors will be described. 

The inventors simulated the relationship between the frequencies at which the ripple rp is observed and 
the electrode thickness. In the simulation, the effects resulting from increasing the film thickness of the 
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electrode are replaced by increasing the ratio between the acoustic impedance (Zm) obtained under 
the electrode and the acoustic impedance (Zo) of the free surface. As described in the aforementioned 
Ikata document, an increase in the electrode thickness increases the weight thereof. Hence, it is 
possible to consider that an increase in the electrode thickness is proportional to an increase in a 
discontinuous quantity of the acoustic impedance. With the above in mind, the following equation was 
prepared: 

"(9)" Q = Zo/Zm = VoA/m = 1 + k/2 + alpha (t) 

where Vo and Vm respectively denote sound velocities on the free surface and under the electrode, k is 
the electromechanical coupling coefficient, and t is the film thickness of the electrode. Then alpha (t) 
was changed as a parameter proportional to the film thickness t. 

From the equation (9), the center frequency fo of the filter is written as follows: 
"(10)."fo = 2fomin /(1+Q) 

The equation (10) is consistent with the well-known experimental result in which, as the film thickness 
increases, the center frequency decreases from the center frequency fo min obtained when there is no 
discontinuity of the acoustic impedance. The results of the simulation show that, as alpha (t) increases, 
that is, the film thickness increases, the frequency position at which the ripple rp appears shifts toward 
the high-frequency range of the pass band, as indicated by an arrow 180 shown in Fig. 35, and finally 
drops into the attenuation pole on the high-frequency side of the pass band. It will be noted that a ripple 
rs shown in Fig. 35 is caused by the reflectors of the resonators provided in the series arm. 

Fig. 36 shows an attenuation quantity vs. frequency characteristic obtained when alpha (t) = 0.8. A 
ripple resulting from the reflectors of the resonators in the parallel arms is located in the attenuation 
pole on the high-frequency side of the pass band. That is, there is no ripple in the pass band. In 
addition, the graph of Fig. 36 shows that the insertion loss is very small. In Fig. 36, the resonance 
frequencies of the resonators in the parallel and series arms are calibrated so that they are located at 
the frequency position which is 15MHz higher than the original frequency position in order to obtain a 
center frequency of 932MH2, because the center frequency of the pass band decreases according to 
the equation (10). 

The inventors fabricated chips and measured the band characteristic thereof in order to study the 
relation to the actual film thickness. 

Figs. 37A, 37B and 37B respectively show band characteristic curves 185, 186 and 187 for film 
thicknesses of 2000 ANGSTROM ^000 ANGSTROM^and 4000 ANGSTROM . In. practice, thexenter 
"frequency is varied bychahgifi^ thickness, the graphs of Figs. 37 A, 37B and 37C have been 

calibrated by changing the period of the interdigital electrode. 

A ripple rp resulting from the resonators in the parallel arms is superimposed on the characteristic 
curve 185 for a film thickness of 2000 ANGSTROM . As the film thickness increases, the ripple rp shifts 
to higher frequencies. The experimental results shown in Figs. 37 A, 378 and 37C are consistent with 
the aforementioned results of the simulation. 

However, an insertion loss arising from a bulk wave, which cannot be calculated by simulation, and a 
resistance loss appear as the film thickness increases (see Ebata et al., "SURFACE ACOUSTIC WAVE 
RESONATOR ON LITa03 SUBSTRATE AND ITS APPLICATION TO OSCILLATORS FOR USE IN 
VTR", Journal of the Institute of Electronics and Communication Engineers of Japan, vol. J66-C, No.1, 
pp.23 - pp.30, 1988). Further, the correlation between the above insertion loss and the resistance loss 
is also a very important factor. 

Fig. 38-(A) shows a curve 190 of the insertion loss resulting from the bulk wave, and a resistance loss 
curve 191. A curve 192 shows an experimental characteristic curve. The insertion loss is approximately 
equal to the resistance loss when the film thickness is 2500 ANGSTROM . Then, the total loss mainly 
resulting from the Insertion loss starts to increase when the film thickness is approximately 3500 
ANGSTROM . 

A curve 193 shown in (B) of Fig. 38 indicates the frequency position frp of the ripple rp as a function of 
the identical film thickness of the exciting electrode 131 and the reflectors 132 and 133 shown in Fig. 
28. It is concluded, based on the graphs in (A) and (B) of Fig. 38, that the optimum film thickness that 
results in no ripple and little insertion loss is between 2600 ANGSTROM and 4000 ANGSTROM . The 
above optimum film thickness can be normalized by the period lambda p (4.4 mu m at 932MHz, see 
Fig. 28) of the resonators in the parallel arm substantially determined by the center frequency of the 
filter. The normalized optimum film thickness is between 0.06 and 0.09. 

The eighth embodiment of the present invention is based on the results of the above consideration by 
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a 

the inventors. 

Fig. 39 shows a first one-terminal-pair SAW resonator 200 used in the SAW filter according to the 
, eighth embodinnent. The resonator 200 comprises an exciting electrode 201, and two reflectors 202 
and 203 respectively located on both sides of the electrode 201. The electrode 201 and the reflectors 
202 and 203 are made of aluminum (Al) or a mixture or alloy of Al and a few percentage of other metal 
by weight. The film thickness t1 of each of the electrodes and the reflectors 202 and 203 is equal to 
0.06 - 0.09 times the electrode period lambda p. A SAW filter, in which the resonator 200 is applied to 
each of the resonators R1B. R3B and R5B shown in Figs. 27 and Fig. 34, has a band characteristic 
indicated by a curve 205 shown in Fig. 40. It can be seen from Fig. 40 that there is no ripple in the pass 
band. Use of an Al alloy improves the breakdown power performance, as compared to use of Al. Cu or 
Ti can be mixed with Al. 

Fig. 41 shows a variation 210 of the SAW resonator 200. The resonator 210 shown in Fig. 41 
comprises an exciting interdigital electrode 211. and two reflectors 212 and 213 respectively located on 
both sides of the electrode 211. The electrode 211 and the reflectors 212 and 213 are made of Au. The 
optimum film thickness of the electrode 211 and the reflectors 212 and 213 is determined, taking into 
account the above-mentioned phenomenon caused due to the influence of an increase in the weights 
of the electrode 211 and the reflectors 212 and 213. Since the ratio of the density of Al to that of Au is 
2.7/18.9, equal to 0.143, the optimum film thickness t2 is determined by multiplying the optimum film 
thickness t1 by 0.143, and is equal to 0.0086 - 0.013 times the electrode period lambda p. A SAW filter 
obtained by applying the resonator 210 to each of the resonators RIB, R3B and R6B has a band 
characteristic similar to the characteristic shown in Fig. 40, and does not have any ripple in the pass 
band. 

A description will now be given of the structure of the inductors LI , L2 and L3 shown in Fig. 13 
according to a ninth embodiment of the present invention, with reference to Fig. 42, in which parts that 
are the same as parts shown in Fig. 16 are given the same reference numbers. As shown in Fig. 42, 
zigzag microstrip lines 220 and 221 are formed on the ceramic package 81 and are connected to the 
terminals 84-3 and 84-5. Ends of the microstrip lines 220 and 221 are connected to the ground. The 
pattern width of each of the microstrip lines 220 and 221 is 100 mu m, and the distance between the 
microstrip lines 220 and 221 and the ground is 0.5mm. When the dielectric constant of the ceramic 
package 81 is equal to 9, the inductance values of the microstrip lines 220 and 221 are equal to 2nH. 

A description will now be given, with reference to Fig. 43, of a tenth embodiment of the present 
invention which is another structure of the inductors LI, L2 and L3. In Fig. 43, parts that are the same 
as parts shown In Fig. 16 are given the same reference numbers as previously. Two zigzag microstrip 
lines 230 and 231 respectively connected to the resonators R1 and R2 are formed on the filter chip 82. 
Terminals 85-3 and 85-5 are connected to ends of the microstrip lines 230 and 231. Each of the 
microstrip lines 230 and 231 is 3000 ANGSTROM thick, 60 mu m wide and 2mm in length. When the 
dielectric constant of the filter chip (LiTa03) 82 is equal to 44, the inductance of the microstrip lines 230 
and 231 are equal to 2.2nH. 

It is possible to form inductors by suitably combining the bonding wire 86-3, the microstrip line 220 on 
the ceramic package 81 and the microstrip line 230 on the filter chip 82. 

A description will now be given, with reference to Fig. 44, of a SAW filter 240 according to an eleventh 
embodiment of the present invention. The eleventh embodiment of the present invention is configured 
as follows. First, the resonance frequency frs of the resonators in the series arm is made higher than 
the antiresonance frequency fap of the resonators in the parallel arms in order to increase the pass 
band width. Second, DELTA f IDENTICAL frs - fap is selected so that the pass band does not have an 
extremely large loss. 

The previously described embodiments of the present invention require that fap = frs. However, as long 
as this condition is maintained, the pass band cannot be increased. In order to increase the pass band, 
the present inventors considered a condition fap < frs, as shown in Fig. 46. It is apparent from Fig. 46 
that bx < 0 within a range fep < f < frs and hence this frequency range is changed to an attenuation 
band according to the aforementioned theory. However, in practice, the product bx can be maintained 
at a very small value by limiting DELTA f(= frs - fap), and the above frequency range can practically 
function as a pass band without any substantial attenuation. 

Figs. 47A. 47B and 47C show band characteristics of a ladder-type filter obtained when the DELTA f (= 
frs - fap) increases from zero. The filter used in the experiment has a piezoelectric substrate made of 
LiTa03 having an electromechanical coupling coefficient of 0.05, and an Al interdigital electrode having 
a film thickness of 3000 ANGSTROM . The structure of the electrode is one of two basic units 
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connected so as to form a ladder-type structure, as shown in Fig, 44. Each of the basic unit^ comprises 
a first resonator in the parallel arm and a second resonator in the series arm. In order to form the input 
and output parts of the filter in symmetry to each other, a third resonator is provided in another parallel 
arm of the final stage.A plurality of basic units are cascaded so as to form a ladder-type structure in 
order to increase the side lobe suppression ^ctor to a practical value. 

However, the insertion loss increases as the number of basic units to be cascaded Increases. Hence, it 
is preferable to determine the number of basic units to be cascaded, taking into account an actual filter 
specification. The filter being considered is intended to realize a loss equal to or less than 2dB and a 
side lobe suppression factor equal to or higher than 20dB. The interdigital electrode of each of the 
resonators in the parallel and series arms is designed to have an aperture length of 180 mu m and 50 
finger pairs. The ratio P (= Cop/Cos) obtained when Cop and Cos are electrostatic capacitances of 
parallel-arm and series-arm , respectively, is 1 because the electrodes of all the resonators have 
identical specifications. 

Fig. 47A shows a band characteristic when DELTA f = 0. Fig, 47B shows a band characteristic when 
DELTA f = 10MHz. The band characteristic shown in Fig. 478 is improved so that the pass band width 
(in which a loss equal to or less than 2.5dB is ensured) is increased to 40MHz, while the band 
characteristic shown In Fig. 47A has a pass band width of 22MHz. It can be seen from Figs. 47A and 
47B that the pass band width is improved particularly for low frequencies. Further, the band 
characteristic shown in Fig. 478 has an improved side lobe suppression factor. More partlculariy. the 
side lobe suppression factor is improved to 2Gd8 from 19d8. 

There is a limit regarding improvement due to increase in DELTA f. Fig. 47C shows a band 
characteristic when DELTA f= 19MHz. The pass band width slightly deteriorates at high frequencies, 
and this deterioration is approximately equal to 2.5dB, which will increase the ripple in the pass band. 
In Fig. 47C, a ripple amounting to approximately I.OdB, which is the allowable ripple limit, is observed. 
When DELTA f is further increased, the insertion loss and the in-band ripple increase. Hence, an 
increase of DELTA f = 19MHz is the limit 

The product bx obtained when DELTA f = 19MHz was examined. In the experiment, a SAW resonator 
provided in a parallel arm shown in Fig. 44 and a SAW resonator provided in a series arm shown 
therein were separately fabricated. The admittance of the resonator in the parallel arm was measured 
by means of a circuit configuration shown in Fig. 48A, and the impedance of the resonator in the series 
arm was measured by means of a circuit configuration shown in Fig. 488. The measurement of 
admittanee and impedance was carried out by mieasijfih^^ S2Tby means of a network analyzer The 
measured values of S21 were inserted into equations shown in Figs. 48A and 488, and the impedance 
Zp and the admittance Yp were calculated. 

A frequency characteristic shown in Fig. 49 was obtained, which shows the imaginary part of the 
admittance or impedance, that is, the value of b or x. The frequency dependence of the product bx is as 
shown in Fig. 60. It can be seen from Fig. 50 that the product bx is negative and is a small value within 
fap < f < frs. The maximum absolute value bxmax of the product bx is given when: 
f = fap. frs 

and was equal to 0.06 for the embodiment being considered. That is. when value bxmax is equal to or 
smaller than 0.06, the deterioration of the insertion loss can be reduced and the in-band ripple can be 
suppressed to 1dB or less. If DELTA f > 19MHz, the value of bxmax increases, and both the insertion 
loss and the in-band ripple will increase to 1dB or greater. This value is not practicaLAs a result, the 
value of bxmax is a an upper-limit indicator of characteristic deterioration, and determines the allowable 
value of DELTA f. 

The above consideration will be generalized. Fig. 51 is an equivalent circuit diagram of a ladder-type 
filter obtained by approximating the SAW resonators by the double resonance circuits of LC. The 
impedance Zs of the SAW resonator in the series arm and the admittance Yp of the SAW resonator in 
the parallel arm are expressed as follows: where omega rs, omega as. omega rp, omega ap are 
respectively the resonance and antiresonance frequencies of the series-arm resonator and the 
resonance and antiresonance frequencies of the parallel-arm resonator, and tau is the capacitance 
ratio (inherent in the substrate). The above resonance and antiresonance frequencies as well as the 
capacitance ratio are written as follows: 

omega rs = 2 pi frs = 1/C1sL1s) 

omega as = 2 pi fas = omega rs1+1/ tau 

omega rp = 2 pi frp = 1/C1pL1p 
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omega ap = 5 pi fap = omega rp1+1/ tau 
, tau = C0s/C1s = C0p/C1p. 



The product bx is calculated from the equations (1 1 ) and (12) as follows: 

"(13)" bx = -[COp.( omega ap- omega ).( omega rs- )l/[COs.( omega rp- omega ).( omega as- omega ) 
The angular frequency omega which makes the product bx have a pole is obtained from 
DIFFERENTIAL (bx)/ DIFFERENTIAL omega = 0, and is expressed as follows: 
"(14)." = omega ap, omega rs . r.^ ^ * 

The value obtained by inserting the above into the equation (13) is the maximum value of the product 
bx in the pass band. That is. 

"(15)" bxmax = -[C0p.(1+1/ tau )]/COs.{ tau . DELTA omega / omega rs)}] 
where 

"(16)." DELTA omega = omega rs - omega ap = 2 pi . DELTA f 



Fig. 52 shows a relation between bxmax and DELTA f/frs obtained by plotting the equation (15) as a 
parameter P=COp/COs. The hatched area shown in Fig. 52 corresponds to the condition such that the 
allowable value of the product bx is equal to or smaller than 0.06 obtained by the experiment. Hence, 
the allowable value alpha of DELTA f/frs dependent on P=COp/COs can be detenmined, and is written 
as follows, by inserting bxmax= 0.06 Into the equation (15): 
"(17)." alpha = 1/[P( tau + tau )/0.06 - tau 



The capacitance ratio tau depends on the substrate material, and is approximately 15 for 36 DEG Y-cut 
X-propagation LiTa03 according to the experiment. Hence, the equation (17) can be rewritten as 

follows: 

"(18)." alpha = 6.67x1 0/(4.22P-1) 

When P = 1, then alpha = 0.02. and DELTA f = 19MHz for the embodiment shown m Fig. 47 having frs 
of 948MHz. That is. the equation (18) stands. 

An increase in DELTA f is effective for a piezoelectric substrate material having a small capacitance 
ratio tau , that is a substrate material having a large electromechanical coupling coefficient. The 
equation (17) is obtained for such a substrate material. 

The capacitance ratio tau is proportional to the reciprocal of the electromechanical coupling coefficient 
k The value of the ratio tau for 64 DEG Y-cut X-propagation LiNb03 (k = 0.1 1 ) and the value of the 
ratio tau for 41 DEG Y-cut X-propagation LiNb03 are respectively 6.8 and 4.4. The above values are 
obtained using the tau value of 36 DEG Y-cut X-propagation LiTa03 and k = 0.05 (see K. Yamanouchi 
et al., "Applications for Piezoelectric Leaky Surface Wave". 1990 ULTRASONIC SYMPOSIUM 
Proceedings, pp.11 - pp.18, 1990). 

Fig. 53 shows the relation between the capacitance ratio tau and the electromechanical coupling 
coefficient k. which is obtained using the values of k and tau of 36 DEG Y-cut X-propagation LiTa03 
and using such a relation that k is proportional to the reciprocal of tau . 

From the relation shown in Fig. 53, the values of the capacitance ratios tau of 64 DEG and 41 DEG Y- 
cut X-propagation LiNb03 substrates can be obtained and are equal to 6.8 and 4.4. respectively. 

The structure of the embodiment shown in Figs. 44 and 45 will now be described. The SAW filter 240 
comprises a 36 DEG Y-cut X-propagation LiNb03 substrate 241 , and has dimensions of 1.5mm x 2mm 
X 0.5mm. From the input side of the filter 240, a parallel-arm resonator Rpl , a series-arm resonator 
Rsl , a parallel-arm resonator Rp2. a series-arm resonator Rs2, and a parallel-arm resonator Rp3 are 
arranged in that order. Each of the resonators has reflectors (short-circuit type) 242 respectively 
provided on both sides of the electrode having an aperture length of 180 mu m and 50 finger pairs. 
Each of the reflectors 242 has 50 finger pairs. 

The parallel-arm resonators are the same as the series-arm resonators expect for the periods of the 
interdigital electrodes. The period lambda p of the electrode of each parallel-arm resonator is 4.39 mu 
m (the ratio between the pattern width and the gap is 1:1 and hence the pattern width is approximately 
1.1 mu m (= lambda p/4)), and the period of the electrode of each series-arm resonator is 4.16 mu m 
(the pattern width is 1.04 mu m (= lambda s/4)). 
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The respective periods are selected using the following equations so that the resonance frequencies 
(frp, frs) of the respective resonators are equal to the respective predetermined values (firp = 893MHz, 
frs = 942MHz): 
s = Vm/frs 

p = Vm/firp 

where Vm is the sound velocity of the surface wave propagating in the 36 DEG Y-cut X-propagation 
LiTaOS crystal for an electrode thickness of 3000 ANGSTROM , and is experimentally 3920m/s. 

The SAW filter 240 having the above structure has a band-pass characteristic having a broad pass 
band and a low loss, as shown in Fig. 47C, in which DELTA f = 19MHz. \Nhen only the pattern width 
lambda p in Fig. 45 is changed to 4.35 mu m. then DELTA f becomes 10MHz. and the characteristic 
shown in Fig. 47B is obtained. The electrode is made of an Al-Cu alloy and is 3000 ANGSTROM thick, 
and is arranged so that the surface wave is propagated in the X direction of the piezoelectric substrate 
241. 

A description will now be given of piezoelectric substrates other than 36 DEG Y-cut X-propagation 
LiNb03. The capacitance ratio tau of 64 DEG Y-cut X-propagation LiNb03 is 6.8, and an equation 
corresponding to the equation (17) is written as follows: 
"(19)." alpha = 1.47x10/4.37P - 1) 



The capacitance ratio tau of 41 DEG Y-cut X-propagation LiNb03 Is 4.4, and an equation 
corresponding to the equation (17) is written as follows: 
"(20)." alpha = 2.273x1 0/(4. 52P-1) 

As the tau value decreases, that is, the electromechanical coupling coefficient increases, a increases, 
and the characteristic deteriorates little even if DELTA f increases. 

A description will now be given of a twelfth embodiment of the present invention with reference to Figs. 
54 through 57. A SAW filter 250 according to the twelfth embodiment of the present invention is a 
ladder-type SAW filter having a plurality of basic units (unit sections), each having a SAW resonator in 
the parallel arm and a SAW resonator in the series arm, and establishes image impedance matching 
between adjacent unit sections in order to reduce a loss at each connection node. With the above 
arrangement, it becomes possible to reduce the insertion loss in the pass band. 



The twelfth embodiment of the present invention was made with the following consideration. As shown 
in Figs. 58A and 58B, a band-pass characteristic can be obtained by means of at least one parallel-arm 
resonator and at least one series-arm resonator. The ladder-type connection comprising one parallel- 
arm resonator and one series-arm resonator is the unit section of the filter. 

It is desirable that the resonance frequency of the series-arm resonator be equal to or higher than the 
antiresonance frequency of the parallel-arm resonator. Two unit sections respectively shown in Figs. 
58A and 58B are available. The series arm of the unit section shown in Fig. 58A series as the input 
terminal, and the series arm of the unit section shown in Fig. 58B serves as the output terminal. A 
multi-stage connection comprising a plurality of unit sections is categorized into one of three types 
shown in Figs. 59A, 598 and 590. Fig. 59A shows an arrangement in which either the input or the 
output is a series arm and the other is a parallel arm (asymmetrical type). Fig. 598 shows an 
arrangement in which both the input and output are parallel arms (symmetrical type). Fig. 59C shows 
an arrangement in which both the input and output are series arms (symmetrical type). 

The insertion loss of the multi-stage connection having n unit sections is n times that of the unit section, 
and the side lobe suppresion factor thereof is also n times that of the unit section. Generally, the 
insertion loss increases, while the side lobe suppression is improved. Particulariy when the insertion 
loss Is approximately zero, the multi-stage connection is an effective means. However, the insertion 
loss will be larger than n times that of the unit section unless the Impedance matching between the 
adjacent unit section is good. If the impedance matching is poor, power Is reflected at the interfaces 
between adjacent unit sections (each of the interfaces 1-1 min - n-n min ). The reflection of power 
increases the insertion loss. When the power reflection occunring at an interface between adjacent unit 
sections Is denoted by GAMMA , the loss is expressed as n10log( GAMMA ). Hence, it is important to 
suppress increase in the insertion loss by establishing an impedance match between adjacent unit 
sections and suppressing power reflection at each interface between two adjacent unit sections. 

A description will now be given of a method for matching the impedances of adjacent unit sections. As 
shown in Fig. 60, when two circuits 1 and 2, each having four different terminal constants (four 
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parameters *A, B, C and D of an F matrix), are connected to each other so that the impedance matching 
therebetweert is established, the circuits are designed so that image impedances obtained by viewing 
the circuits 1 and 2 from an interface b-b min are equal to each other. An image impedance Zi1 
obtained by viewing the circuit 1 from the interface b-b min can be expressed as follows, using four 
' termihal constants A1 , B1 . C1 and D1 of the circuit 1 : 
"(21)." Zi1 ) D1B1/C1A1 

Similarly, an image impedance Zi2 obtained by viewing the circuit 2 from the interface b-b min can be 
expressed as follows: 
"(22)." Zi2 = A2B2/C2D2 

The image impedances Zi1 and Zi2 are determined regardless of a load resistance (pure resistance) 
RO. 

When the equations (21) and (22) are equal to each other, the following impedance matching condition 
can be obtained: 

"(23)." D1B1/C1A1 = A2B2/C2D2 

Fig. 61 A shows a connection having poor impedance matching, and the condition of the equation (23) 
is not satisfied. The reflection factor GAMMA obtained by viewing the right circuit from the interface b-b 
min is expressed as follows: 
"(24)." GAMMA = (ZsYp)/(2+ZsYp) 

The values of the Zs and Yp of a practical element are not equal to zero, and hence the reflection factor 
GAMMA thereof is not zero. 

In a connection shown in Fig. 61 B, an image impedance Zil obtained by viewing the left circuit from the 
interface b-b min is obtained as follows, using the equation (21): 
"(25)." Zil = ZsA^p(1+ZsYp) 

An image impedance Zi2 obtained by viewing the right circuit from the interface b-b min can be 
obtained using the equation (22). It will be noted that Zi2 = Zi1. Hence, the impedance matching is 
established, and the reflection factor GAMMA at the interface b-b min is zero. The above holds true for 
a connection shown in Fig. 61 C. 

A description will now be given of a method for cascading a plurality of unit sections in the manner 
shown in Fig. 61 B or 61C. Fig. 62-(A) shows a circuit comprising n unit sections (n > 2), in which the 
connection method shown in Fig. 61 B and the connection method shown in Fig. 61 C are alternatively 
employed. It will be seen from the above description that there is no reflection at each interface. 

The circuit shown in (A) of Fig. 62 can be modified, as shown in (B) of Fig. 62. in which two resonators 
respectively in adjacent parallel nodes are integrated and two adjacent resonators in the series arm are 
also integrated. The series-arm resonator closest to the input of the filter has an impedance value half 
that of the resonators located inside the above series-arm resonator. Similarly, the parallel-arm 
resonator closest to the output of the filter has an admittance value half that of the resonators located 
inside the above parallel-arm resonator. 

Figs. 63A, 63B and 63C show configurations obtained by applying the above modifying method shown 
in Fig. 62 to the configurations shown in Figs. 59A, 59B and 59C. respectively. More particularly, Fig. 
63A shows an impedance matching method conresponding to the matching method shown in Fig. 59A, 
in which either the input or output of the filter is the series arm and the other is the parallel arm. In the 
configuration shown in Fig. 63A. the impedance of the series-arm resonator located at one end of the 
filter is half that of each inner series-arm resonator, and the admittance of the parallel-arm resonator 
located at the other end of the filter is half that of each inner parallel-arm resonator. 

Fig. 63B shows an impedance matching method corresponding to the matching method shown in Fig. 
59B. In the configuration shown in Fig. 63B. each of two parallel-arm resonators located at respective 
ends thereof has an admittance value half that of the inner parallel-arm resonator. 

Fig. 63C shows an impedance matching method corresponding to the matching method shown in Fig. 
59C. In the configuration shown in Fig. 63C, each of the two series-arm resonators located at 
respective ends thereof has an impedance value half that of the inner series-arm resonators. 

A further description will now be given of the twelfth embodiment of the present invention based on the 
above-mentioned concept. The SAW filter 250 according to the twelfth embodiment has the equivalent 
circuit shown in Fig. 54, and the practical structure shown in Fig. 55. As shown in Fig. 54, it has three 
series-arm resonators Rs1. Rs2 and Rs3, and three parallel-arm resonators Rpl, Rp2 and Rp3. Each 
of the six resonators has an identical aperture length (90 mu m). and an identical number of finger pairs 
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(100). Each of the resonators has two short-circuit-type reflectors respectively located on two opposite 
sides of the interdigital electrode in order to increase Q. Each of the reflectors has approximately 100 
finger pairs. The series-arm resonators Rs1, Rs2 and Rs3 have an identical finger period ( lambda s) of 
4.19 mu m.The parallel-arm resonators Rpl, Rp2 and Rp3 have an identical finger period lambda p of 
4.38 mu m, which is different from the value of lambda s. 

Fig. 64 shows a conventional SAW filter related to the SAW filter 250 according to the twelfth 
embodiment of the present invention. In each of the filters shown in Figs. 54 and 64, the design 
specification of each series-arm SAW resonator indicated by impedance Zs is such that the aperture 
length is 90 mu m and the number of finger pairs is 100. The design specification of each parallel-arm 
SAW resonator indicated by admittance Yp is the same as the above design specification. The 
piezoelectric substrate crystal is made of 36 DEG Y-cut X-propagation LiNb03. On the crystal 
substrate, an interdigital pattern for each SAW resonator formed with an Al alloy pattern having a 
thickness of 3000 ANGSTROM is provided. 

Curve 251 of the solid line shown in Fig. 56 indicates the characteristic of the filter 250. Curve 252 of 
the broken line shown in Fig. 56 indicates the characteristic of the filter shown in Fig. 64. It can be seen 
from Fig. 56 that the filter 250 has an insertion loss less than that of the filter shown in fig. 64. and 
particularly the insertion loss at both ends of the pass band in the filter 250 is greatly improved. 

Curve 253 shown in Fig. 57 shows a band characteristic of the conventional filter shown in Fig. 64, in 
which the number of finger pairs of only the parallel-arm resonator Indicated by admittance Yp is 
reduced from 100 to 80 to thereby reduce the value of the admittance Yp. It can be seen from Fig. 57 
that the insertion loss in the pass band is improved. It may be said that the insertion loss can be 
somewhat improved even by reducing the admittance of the resonator at the end of the filter by a 
quantity less than 1/2. The above holds true for impedance. 

The embodiment based on the basic structure shown in Fig. 63A has been described. A variation in 
which a number of unit sections are provided at the center of the filter has the same advantages as the 
above embodiment. 

A description will now be given, with reference to Fig. 65. of a SAW filter 260 according to a thirteenth 
embodiment of the present invention. The SAW filter 260 is based on the basic structure shown in Fig. 
63B. and has the same insertion loss improvement as shown by the curve 251 in Fig. 56. 

Fig. 66 shows a SAW filter 270 according to a fourteenth emb^^^^ ^ 
filter 270 is based on the basic structure shown in Fig. 63C. The filter 270 has the same insertion loss 
improvement as shown by the curve 215 in Fig. 56. 

Figs. 67 and 68 show a SAW filter 280 according to a fifteenth embodiment of the present invention. 
The present embodiment is based on such a consideration that the insertion loss depends on a 
resistance component and a conductance component of the interdigital electrode. With the above in 
mind, the fifteenth embodiment is intended to reduce the resistance component of each series-arm 
resonator and reduce the conductance component of each parallel-arm resonator and to thereby 
reduce the total Insertion loss of a filter in which resonators make a ladder-type connection. 

Refen^ing to Fig. 67. SAW resonators Rsl, Rs2 and Rs3 are provided in the series arm, and SAW 
resonators Rpl, Rp2 and Rp3 are provided in the respective parallel arms. The resonance frequency 
frs of each of the resonators in the series arm is different from the resonance frequency frp of each of 
the resonators in the parallel arms. 

It will now be assumed that the admittance of each parallel-arm resonator is expressed as follows- 
"(26)" Yp = g+j.b 

where g denotes a conductance component, and b denotes a susceptance. Further, it will be assumed 
that the impedance of each series-arm resonator is expressed as follows: 
"(27)" Zs = r + j.x 

where r denotes a resistance component, and x denotes a reactance component. 

Under the above assumptions, the frequency characteristics of g, b, r and x are as shown in Fig. 71. 
The susceptance component b (indicated by the dot chained line) of the admittance Yp of the parallel- 
arm resonator has the largest value at the resonance frequency frp. at which the sign thereof changes 
from + to -. Further, the susceptance component b becomes zero at the anfiresonance frequency fap. 
at which the sign thereof changes from - to +. The conductance component g (one-dot chain line) has 
the largest value is at the antiresonance frequency fap, and rapidly decreases and approaches zero. 
The value of the conductance component g assumes only the plus sign. 
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The r;eactance component x (indicated by the solid line in Fig. 71) of the impedance Zs of the series- 
arm resonator becomes zero at the resonance frequency frs, and the largest value at the antiresonance 
frequency fas. Further, the sign of the reactance component x changes from + to and approaches 
' zero from the minus side in a range higher than fas. The resistance component r gradually increases 
from zero to the largest value at the antiresonance frequency fas, and then gradually decreases. The 
resistance component r assumes only the plus sign. 

In order to obtain a filter characteristic, the antiresonance frequency fap of the parallel-arm resonator is 
equal to or slightly smaller than the resonance frequency frs of the series-arm resonator. 

A graph depicted in the lower portion of Fig. 71 shows the band characteristic of the filter circuit. The 
pass band is formed around fap APPROX frs, and the other frequency range serves as an attenuation 
range. It can also be seen from Fig. 71 that b and x are respectively zero around the center frequency 
of the pass band. Hence, the pass band characteristic of the filter is determined by only r and g, and 
the following is obtained; 
"(28)." S21 = 100/(100 + r + 50r.g + 2500g) 

Since r > 0 and g > 0, S21 becomes smaller than 1 as both r and g increase, and the Insertion loss 
written as 20logS21 also increases. Hence, the insertion loss decreases as both r and g are closer to 
zero. 

A description will now be given of a consideration concerning which part of the interdigital electrode is 
related to the resistance component r and the conductance component g. The above consideration 
takes Into account a resistance r1 inserted in the equivalent circuit shown in Fig. 5B. The resistance r1 
is the sum of the electric resistance component of the interdigital electrode and an acoustic resistance 
component corresponding to an energy loss encountered while bulk waves generated from ends of the 
fingers are propagated inside the substrate. The resistance component resulting from emission of bulk 
waves is little dependent on the shape of the interdigital electrodes, and is hence proportional to the 
electric resistance r1 of the interdigital electrode. Particularly, r = r1 around the center frequency of x = 
0. 

The conductance component g of the admittance of the parallel-arm resonator is proportional to the 
conductance 1/r1 of the electric resistance of the Interdigital electrode. 

The following equation is known: 
"(29)" r = Is- Tho 0/(Ns.W.t) 

where rho 0 denotes the resistivity of the fingers of the interdigital electrodes, W denotes the width of 
each finger, t denotes the film thickness of each finger. Is denotes the aperture length of the series-arm 
resonator, and Ns denotes the number of finger pairs. 

The conductance component g is obtained as follows if the same substrate and the same metallic film 
as those used in the series-arm resonator are employed: 
"(30)" g = Np.W.t/(lp- rho 0) 

where Ip denotes the aperture length of the parallel-arm resonator, and the Np denotes the number of 
finger pairs. It will be noted that rho 0, W and t in the parallel-arm resonator are almost the same as 
those In the series-arm resonator 

Hence, an increase in the insertion loss in the equation (28) is expressed as follows: 
"(31)." r + SOr.g + 2500g = Is. rho 0/(Ns.W.t) + 50.(ls/lp).(Np/Ns) + 2600.Np.W.t/(lp. rho 0) 



It can be seen from equation (31) that the insertion loss of the series-arm resonator becomes smaller 
as the aperture length Is and the number Ns of finger pairs increase, and that the insertion loss of the 
parallel-arm resonator becomes smaller as the aperture length Ip and the number Np of finger pairs 
increase. Particularly, the Insertion loss can be effectively reduced when Is/lp < 1 and Np/Ns < 1, that 
is, when the aperture length of the series-arm resonator is smaller than that of the parallel-arm 
resonator, and the number of finger pairs of the series-arm resonator is larger than the number of finger 
pairs of the parallel-arm resonator. 

The reason for the above will now be described. In equation (31), r = rs (rs: electric resistance of the 
series-arm resonator), and g = 1/rp (rp: electric resistance of the parallel-arm resonator), and therefore 
the following expression can be obtained: Hence, an increase in the insertion loss can be suppressed 
when (rs/rp) < 1, that is, rs < rp. 

If Is is too short, a loss resulting from diffraction of the surface wave takes place. If Ip is too long, a 
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decrease in Q of the parallel-arm resonator due to resistance Increase appears, and the side lobe 
suppression factor is deteriorated. Hence, there is a linnit on Is and Ip. 

The equation (31) can be nnodified as follows: 

"(32)." r + 50r.g + 2500g = Is. rho 0/(Ns.W.t) + 50.(ls/lp).(Np/Ns).(tp.ts) + 2500.Np.W.tp/(lp. rho 0) ^ 
where ts denotes the film thickness of the metallic film forming the Interdigital electrode of the series- 
arm resonator, and tp denotes the film thickness of the metallic film forming the interdigital electrode of 
the parallel-arm resonator. Hence, the insertion loss can be reduced when tp/ts. 

It is possible to use resonators, each having two different metallic films having different resistivity 
values ( rho os, rho op) and to arrange these resonators in the parallel and series arms, so that rho os/ 
rho op Is, and Ns > Np. Further, ls//lp = 0.25. and Np/IMs = 0.25. The electrostatic CO of the interdigital 
electrode based on the product of the number of finger pairs and the aperture length is kept constant. 

In Fig. 69, solid line 281 indicates the characteristic of the present embodiment, and broken line 282 
indicates the characteristic of the conventional filter. The conventional filter has an insertion loss of 
2.5dB, while the present embodiment has an insertion loss of 2.0dB. That is, the insertion loss is 
improved by 0,5dB, in other words, 25%. Further, since an increased number of finger pairs of the 
series-arm resonator is used, the breakdown power performance is improved, and the applicable 
maximum power is improved by 20%. 

In the present embodiment, a diffraction loss appears when Is is equal to or less than 30 mu m, and the 
side lobe starts to deteriorate when !p is equal to or larger than 300 mu m. Hence, the Is and Ip are 
limited to the above values. It can be seen from the above that the insertion loss in the pass band is 
improved by decreasing the electric resistance of the series-anm and increasing the electric resistance 
of the parallel arm (decreasing the conductance). It is also possible to use a parallel-arm resonator 
having a film thickness larger than that of the series-arm resonator. Even with this structure, it is 
possible to reduce the insertion loss in the pass band. 

A description will now be given, with reference to Fig. 72, of a wave filter according to a sixteenth 
embodiment of the present invention. The wave filter (branching filter) shown in Fig. 72 comprises two 
SAW filters F1 and F2 having input terminals connected to a pair of common signal terminals TO via 
common nodes a and b. The SAW filter F1 has a pair of signal terminals T1 , and the SAW filter F2 has 
a pair of signal terminals T2. A pair of signal lines Ih and Ic connects the nodes a and b to the SAW 
filter F1 , and another pair of signal lines Ih and Ic connects the nodes a andJ^ioJhe .S^ 

The SAW filter F1 comprises a series-arm SAW resonator Rso, and a parallel-arm SAW resonator Rp, 
which resonators are configured as has been described previously. The resonator Rso Is connected to 
the common node a, and hence serves as a resonator of the first stage of the SAW resonator F1. A 
plurality of pairs of series-arm resonator and parallel-arm resonator are cascaded in the SAW filter F1. 
The SAW filter F2 is configured in the same manner as the SAW filter F1. 

The SAW filters F1 and F2 respectively have different band center frequencies. For example, the SAW 
filter F1 has a band center frequency f1 of 887MHz, and the SAW filter F2 has a band center frequency 
f2 of 932MHz. In this case, the frequency f1 is lower than the frequency f2. 

Fig. 73 is a Smith's chart of the wave filter shown in Fig. 72. In Fig. 72, P indicates the pass band of the 
wave filter, A indicates a low-frequency-side attenuation band, and B indicates a high-frequency-side 
attenuation band. It can be seen from Fig. 73 that the characteristic impedance of the circuit shown in 
Fig. 72 is equal to 50 OMEGA , while the impedances of the attenuation bands A and B are greater 
than 50 OMEGA . This means that the wave filter shown in Fig. 72 has the impedance characteristics 
of the respective band-pass filters. 

A description will now be given, with reference to Figs. 74 and 75, of a wave filter according to a 
seventeenth embodiment of the present invention. In Fig. 74, parts that are the same as parts shown in 
the previously described figures are given the same reference symbols. 

As has been described previously, the SAW filters F1 and F2 satisfy the condition f1 < f2. If the SAW 
band-pass filters F1 and F2 have characteristics as shown in Fig. 75, the filter F1 is maintained In a 
high-Impedance state within the pass band frequency band of the filter F2. In this case, there is no 
need to provide an impedance matching circuit M to the filter F1, and the same characteristic as the 
characteristic of the filter F2 alone can be obtained. 

However, the filter F2 does not have a high impedance within the low-frequency attenuation band A 
thereof, and crosstalk may take place. Hence, it is necessary to increase the impedance within the low- 
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frequency attenuation band A of the filter F2. 
band A can be increased. 

SSdIn KrS?nTnSS?by tt« anw shown in Fig. 77 first, and is rotated by means of tl« 

inductor L second. 

Fig 78 shows a wave filter according to a nineteenth embodiment °1«11P^^«^^^^^^^^^ 

?? and SrioSequenc^ STenuation band A of the filter F2 (corresponding to the pass band of the 
K?9 doLTnof have a high impedance. Hence, according to the present embodiment, the phase 
rotation line S is connected in senes to the filter F2. 

As shown in Fig. 79, the direction of phase rotation caused by ttie line S is opposite to the direcWons 
AS snown ni riy_ < , ^ shown in Fiq. 80. su table matching of the filter F2 can oe 

{^-rsfnrrJr^°Sirr^Sb,:rjr^^^^ 

shown in Fig. 76. 

The band center frequencies f 1 and fZ of the sixteenth through nineteenth embodiments of the present 
invention are not limited to 887MHz and 932MHz. 

The present invention is not limited to the specifically disclosed embodiments, and variations and 
modiSfons mly be made without departing from the scope of the present invention. 

Data supplied from the esp@cenet database - 12 

Claims 



1 A SAW filter characterized by comprising^ ^ ^^^^ oredetermined resonance 

freTuenS^f^r^^^^^^^^^ 

LTSsAW resonator (23) having a pair of terminals and a P^^^ef mined r^^^ 

(frs) approximately equal to a predetermined antiresonance frequency |f the fijt SAW resonator (tap). 

«aid cecond SAW resonator being prov ded in a series ami (24) of the SAW filter ana 

S fnfuSan J eterST(?^ L1) connected in series to the first SAW resonator in the parallel arm. 
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2. The SAW filter as claimed in claim 1 , characterized in that an aperture length (Ap) of the first SAW 
resonator (R1A) is larger than an aperture length (As) of the second SAW resonator. 

3The SAW filter as claimed in claim 1. characterized in that a number (Np) of electrode finger pairs* of 
the first SAW resonator (R1B) is larger than a number (Ns) of electrode finger pairs of the second SAW 
resonator (R2). 

4. The SAW filter as claimed in claim 1, characterized in that the first SAW resonator comprises an 
exciting interdigital electrode (131), and first and second reflectors (132, 133) respectively located on 
opposite sides of the exciting electrode so that beta is equal to 0.4 in which said beta is defined in the 
following equation: 

d = (n + beta ). lambda 

where d denotes a distance between the exciting electrode and each of the first and second reflectors, 
n is an integer, beta is a real number equal to or less than 1 , and lambda denotes a period of the 
exciting interdigital electrode corresponding to the resonance frequency. 

5. The SAW filter as claimed in claim 1. characterized in that: 

the exciting interdigital electrode and the first and second reflectors comprises either aluminum or an 
aluminum alloy containing a few percentage of metal other than aluminum by weight; and 
film thicknesses of the exciting interdigital electrode and the first and second reflectors are equal to 
0.06 - 0.09 times the period of the exciting interdigital electrode. 

6. The SAW filter as claimed in claim 1, characterized in that: 

the exciting interdigital electrode and the first and second reflectors comprise either gold or a gold alloy 
containing a few percentage of metal other than gold by weight; and 

film thicknesses of the exciting interdigital electrode and the first and second reflectors are equal to 
0.0086 - 0.013 times the period of the exciting interdigital electrode. 

7. The SAW filter as claimed in claim 1, characterized in that said inductance element comprises a 
bonding wire. 

8. The SAW filter as claimed in claim 1, characterized in that said inductance element comprises: 

a ceramic package (81) accommodating a filter chip (82) on which the first and second SAW resonators 

are formed; and _ . _ ... - 

a microstrip line (220) which is"fornrie(El on the ceramic package and extends from the first SAW 
resonator to a terminal (84-3). 

9. The SAW filter as claimed in claim 1 , characterized in that said inductance element comprises: 
a ceramic chip (82) on which the first and second SAW resonators are formed; and 

a microstrip line (230) which is formed on the ceramic chip and extends from the first SAW resonator. 

10. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (R1 , R3, R6), each having a pair of terminals and a predetermined 
resonance frequency (frp), said first SAW resonators being respectively provided in parallel arms (62- 
64) of the SAW filter; 

a plurality of second SAW resonators (R2, R4), each having a pair of terminals and a predetermined 
resonance frequency (frs) approximately equal to a predetermined antiresonance frequency of the first 
SAW resonator (fap), said second SAW resonators being provided in a series arm (61) of the SAW 
filter; and 

inductance elements (Ls) respectively connected in series to the second SAW resonators. 

11. The SAW filter as claimed in claim 10, characterized in that: 

each of the first SAW resonators comprises an exciting interdigital electrode (131), and first and second 
reflectors (132, 133) respectively located on opposite sides of the exciting electrode so that beta is 
equal to 0.4 in which said beta is defined in the following equation: 
d = (n + beta ). lambda 

where d denotes a distance between the exciting electrode and each of the first and second reflectors, 
n is an integer, beta is a real number equal to or smaller than 1 , and lambda denotes a period of the 
exciting interdigital electrode corresponding to the resonance frequency. 

12. The SAW filter as claimed in claim 1 1 , characterized in that said inductance elements comprise: 

a ceramic package (81) accommodating a filter chip (82) on which the first and second SAW resonators 
are formed; and 

microstrip lines (220) which are formed on the ceramic package and extend from the first SAW 
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resonators to terminals. 

13. The SAW filter as claimed in claim 1 1 , characterized in that said inductance elements comprise: 
a ceramic chip (82) on which the first and second SAW resonators are formed; and 

' microstrip lines (230) which are fomned on the ceramic chip and extend from the first SAW resonators. 

14. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (R1, R3, R5), each having a pair of terminals and a predetermined 
resonance frequency (frp), said first SAW resonators being respectively provided in parallel arms (62- 
64) of the SAW filter; 

a plurality of second SAW resonators (R2, R4), each having a pair of temninals and a predetermined 
resonance frequency (frs) approximately equal to the predetermined antiresonance frequency of the 
first SAW resoantor (fap), said second SAW resonators being provided in a series arm (61) of the SAW 
filter; and 

inductance elements (L1 , L2, L3) respectively connected in series to the first SAW resonators in the 
parallel arms. 

15. A SAW filter characterized by comprising: 

a first SAW resonator (Rp1-Rp3) having a pair of terminals, a first resonance frequency (frp), and a first 
antiresonance frequency (fap) based on the first resonance frequency and a first capacitance ratio 
( tau ) and higher than the first resonance frequency, said first SAW resonator being provided in a 
parallel arm of the SAW filter; and 

a second SAW resonator (Rsl, Rs2) having a pair of terminals, a second resonance frequency (frs), 
and a second antiresonance frequency (fas) based on the second resonance frequency and a second 
capacitance ratio ( tau ) and higher than the second resonance frequency, said second SAW resonator 
being provided in a series arm of the SAW filter, 
wherein: 

the second resonance frequency Is higher than the first antiresonance frequency; and 

a difference between the second resonance frequency and the first antiresonance frequency is equal to 

a value which provides an allowable ripple range and an allowable insertion loss. 

16. The SAW filter as claimed in claim 15, characterized in that: 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is fomied on the pizeoelectric substrate and 
which has a predetermined period; and 

a nomrialized value obtained by normalizing said difference by the second resonance frequency is 
larger than zero, and is smaller than a defined by the following equation: 
alpha = 1/P( tau + tau )/0.06 - tau ) 

where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

17. The SAW filter as claimed in claim 15, characterized in that: 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is formed on the piezoelectric substrate and 
which has a predetermined period; and 

said piezoelectric substrate comprises 36 DEG Y-cut X-propagation LiTa03 (241); and 
the predetermined period of the interdigital electrode of the second SAW resonator is selected so that 
said normalized ratio is larger than zero and is smaller than said a defined by the following equation: 
alpha = 6.67x1 0/(4.22P-1) 

where P Is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

18. The SAW filter as claimed in claim 15, characterized in that: 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is formed on the piezoelectric substrate and 
which has a predetermined period; and 

said piezoelectric substrate comprises 64 DEG Y-cut X-preparafion LiTa03 (241); and 

the predetermined period of the interdigital electrode of the second SAW resonator is selected so that 

said normalized ratio Is larger than zero and is smaller than said alpha defined by the following 

equation: 

alpha = 1.47x1 0/(4.37P-1) 

where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
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an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

« 

19. The SAW filter as claimed in claim 15, characterized in that: 

the first and second SAW resonators are formed on a piezoelectric substrate; 

the second SAW comprises an interdigital electrode which is fonned on the piezoelectric substrate &nd 
which has a predetermined period; and 

said piezoelectric substrate comprises 41 DEG Y-cut X-propagatlon LiTa03 (241); and 
the predetermined period of the interdigital electrode of the second SAW resonator is selected so that 
said normalized ratio is larger than zero and is smaller than said a defined by the following equation: 
alpha = 2.273x1 0/(4.52P-1) 

where P is a ratio of an electrostatic capacitance based on an aperture length and a number of finger 
pairs of the interdigital electrode of the second SAW resonator to an electrostatic capacitance based on 
an aperture length and a number of finger pairs of an interdigital electrode of the first SAW resonator. 

20. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (Rp1-Rp3). each having a pair of terminals, a first resonance 
frequency (frp), and a first antiresonance frequency (fap) based on the first resonance frequency and a 
first capacitance ratio ( tau ) and higher than the first resonance frequency, said first SAW resonators 
being respectively provided In parallel arms of the SAW filter; and 

a plurality of second SAW resonators (Rs1, Rs2). each having a pair of terminals, a second resonance 
frequency (frs), and a second antiresonance frequency (fas) based on the second resonance frequency 
and a second capacitance ratio ( tau ) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 
wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 
the second resonance frequency is higher than or equal to the first antiresonance frequency; 
a first outermost arm closest to either an input or an output of the SAW filter is said series arm, and a 
second outermost arm closest to a remaining one of the input and the output is one of the parallel 
arms; and 

one of the second SAW resonators provided in the first outermost arm has an impedance smaller than 
that of each of remaining second SAW resonators provided in the series arm and located inside said 
one of the second SAW resonators. 

21 . The SAW resonator as claimed in claim 20, characterized in that one of the first SAW resonators 
provided in the second outermost arm has an admittance smajler than that of each of remaming first. 
SAW resonators-provided in the parallel arms and located first SAW resonators. 

22. The SAW resonator as claimed In claim 20, characterized in that the impedance of said one of the 
second SAW resonators is half that of each of the remaining second SAW resonators. 

23The SAW resonator as claimed in claim 21 , characterized in that the impedance of said one of the 
second SAW resonators is half that of each of the remaining second SAW resonators. 

24. The SAW resonator as claimed in claim 20, characterized In that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 
capacitance based on a second product; 

the first product is a product of an aperture length of said one of the second SAW resonators in the first 
outermost arm. a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining second SAW 
resonators, a number of finger pairs thereof, and said dielectric constant. 

25. The SAW resonator as claimed in claim 20, characterized in that each of said remaining second. 
SAW resonators in the series arm comprises a plurality of SAW resonators connected in series, and 
has the same capacitance as said one of the second SAW resonators provided in the first outermost 
arm. 

26. The SAW resonator as claimed in claim 21, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 
capacitance based on a second product; 

the first product is a product of an aperture length of said one of the second SAW resonators in the first 
outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining second SAW 
resonators, a number of finger pairs thereof, and said dielectric constant. 
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27. The SAWresonator as ciaimed in claim 21, characterized in that each of said remaining second 
SAW resonators in the series arm comprises a plurality of SAW resonators connected in series, and 
has the same impedance as said one of the second SAW resonators provided in the fii^t outermost 
arm.* 

28. The SAW resonator as claimed in claim 21 , characterized in that the admittance of said one of the 
first SAW resonators is half that of each of the remaining first SAW resonators. 

29. The SAW resonator as claimed in claim 21, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 
capacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the second 
outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resonators, a 
number of finger pairs thereof, and said dielectric constant. 

30. The SAW resonator as claimed in claim 21 , characterized in that each of said remaining first SAW 
resonators in the parallel arms comprises a plurality of SAW resonators connected in series, and has 
the same capacitance as said one of the first SAW resonators provided in the second outermost arm. 

31. The SAW resonator as claimed in claim 23, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 
capacitance based on a second product; 

the first product is a product of an aperture length of said one of the second SAW resonators in the first 
outermost amn, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining second SAW 
resonators, a number of finger pairs thereof, and said dielectric constant. 

32. The SAW resonator as claimed in claim 23, characterized in that each of said remaining second 
SAW resonators in the series arm comprises a plurality of SAW resonators connected in series, and 
has the same capacitance as said one of the second SAW resonators provided in the first outermost 
arm. 

33. The SAW resonator as claimed in claim 28, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 
capacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the second 
outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resonators, a 
number of finger pairs thereof, and said dielectric constant. 

34. The SAW resonator as claimed in claim 28, characterized in that each of said remaining first SAW 
resonators in the parallel arms comprises a plurality of SAW resonators connected in series, and has 
the same capacitance as said one of the first SAW resonators provided in the second outermost arm. 

35. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (Rp1-Rp3), each having a pair of terminals, a first resonance 

frequency (frp), and a first antiresonance frequency (fap) based on the first resonance frequency and a 
first capacitance ratio ( tau ) and higher than the first resonance frequency, said first SAW resonators 
being respectively provided in parallel arms of the SAW filter; and 

a plurality of second SAW resonators (Rsl , Rs2), each having a pair of terminals, a second resonance 
frequency (frs). and a second antiresonance frequency (fas) based on the second resonance frequency 
and a second capacitance ratio ( tau ) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 

wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 
the second resonance frequency is higher than or equal to the first antiresonance frequency; 
a first outermost arm closest to either an input or an output of the SAW filter is said series arm, and a 
second outermost arm closest to a remaining one of the input and the output Is one of the parallel 
arms; and 

one of the first SAW resonators provided in the second outermost arm has an admittance smaller than 
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that of each of remaining first SAW resonators provided In the parallel arms and located inside said one 
of the first SAW resonators. 

36. The SAW resonator as claimed in claim 35, characterized in that the admittance of said one of the 
first SAW resonators is half that of each of the remaining first SAW resonators. 

37The SAW resonator as claimed in claim 35. characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 

capacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators in the second 
outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product Is a product of an aperture length of each of said remaining first SAW resonators, a 
number of finger pairs thereof, and said dielectric constant. 

38. The SAW resonator as claimed In claim 35, characterized in that each of said remaining first SAW 
resonators in the parallel arms comprises a plurality of SAW resonators connected in series, and has 
the same capacitance as said one of the first SAW resonators provided in the second outermost arm. 

39. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (Rp1-Rp3), each having a pair of terminals, a first resonance 
frequency (frp), and a first antlresonance frequency (fap) based on the first resonance frequency and a 
first capacitance ratio ( tau ) and higher than the first resonance frequency, said first SAW resonators 
being respectively provided in parallel arms of the SAW filter; and 

a plurality of second SAW resonators (Rs1. Rs2), each having a pair of terminals, a second resonance 
frequency (frs). and a second antlresonance frequency (fas) based on the second resonance frequency 
and a second capacitance ratio ( tau ) and higher than the second resonance frequency, said second 
SAW resonators being provided In a series arm of the SAW filter, 
wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 

the second resonance frequency is higher than or equal to the first antlresonance frequency; 

a first outermost arm closest to an input of the SAW filter is one of the parallel arms, and a second 

outermost arm closest to an output of the SAW filter is another one of the parallel arms; and 

one of the first SAW resonators provided In at least one of the first and second outermost arms has an 

admittance smaller than that of each of remaining first SAW resonators provided in the parallel arms 

and locatedinside said one of the first SAW res^^ " 

40. The SAW resonator as claimed in claim 39, characterized in that the admittance of said one of the 
first SAW resonators is half that of each of the remaining first SAW resonators. 

41 The SAW resonator as claimed In claim 40, characterized in that: 

a first electrostatic capacitance based on a first product is larger than a second electrostatic 

capacitance based on a second product; 

the first product is a product of an aperture length of said one of the first SAW resonators In the second 
outermost arm, a number of finger pairs thereof, and a dielectric constant of a substrate of the first and 
second SAW resonators; and 

the second product is a product of an aperture length of each of said remaining first SAW resonators, a 
number of finger pairs thereof, and said dielectric constant. 

42. The SAW resonator as claimed in claim 40, characterized in that each of said remaining first SAW 
resonators In the parallel arms comprises a plurality of SAW resonators connected in series, and has 
the same capacitance as said one of the first SAW resonators provided in one of the first and second 
outermost arms. 

43. A SAW filter characterized by comprising: 

a plurality of first SAW resonators (Rp1 -Rp3), each having a pair of terminals, a first resonance 
frequency (frp), and a first antlresonance frequency (fap) based on the first resonance frequency and a 
first capacitance ratio ( tau ) and higher than the first resonance frequency, said first SAW resonators 
being respectively provided in parallel arms of the SAW filter; and 

a plurality of second SAW resonators (Rs1 . Rs2). each having a pair of terminals, a second resonance 
frequency (frs), and a second antlresonance frequency (fas) based on the second resonance frequency 
and a second capacitance ratio ( tau ) and higher than the second resonance frequency, said second 
SAW resonators being provided in a series arm of the SAW filter, 
wherein: 

the first and second SAW resonators are connected so that a ladder-type filter structure is formed; 
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the second resonance frequency is higher than or equal to the first antiresonance frequency: 

a first putenmost ami closest to an input of the SAW filter is said series arm, and a second outermost 

arm closest to an output of the SAW filter is also said series arm; and 

one of the second SAW resonators provided in at least one of the first and second outermost arms has 
' an impedance smaller than that of each of remaining second SAW resonators provided in the series 
arms and located inside said one of the second SAW resonators. 

44. The SAW resonator as claimed in claim 43, characterized in that the impedance of said one of the 
second SAW resonators is half that of each of the remaining second SAW resonators. 

45. The SAW resonator as claimed in claim 43, characterized in that each of said remaining first SAW 
resonators in the parallel arms comprises a plurality of SAW resonators connected in series, and has 
the same capacitance as said one of the first SAW resonators provided in the series arm. 

46. A SAW filter characterized by comprising: 

a first SAW resonator (21, R1A, R1B) having a pair of terminals and a predetermined resonance 
frequency (frp), said first SAW resonator being provided in a parallel arm (24) of the SAW filter; and 
a second SAW resonator (23) having a pair of terminals and a predetermined resonance frequency 
(frs) approximately equal to or higher than a predetermined antiresonance frequency of the first SAW 
resonator (fap), said second SAW resonator being provided In a series arm (24) of the SAW filter, 
a first electric resistance (rs) of an interdigital electrode of said second SAW resonator is smaller than a 
second electric resistance (rp) of an interdigital electrode of said first SAW resonator. 

47 . The SAW resonator as claimed in claim 46, characterized in that: 

an aperture length (Is) of the interdigital electrode of said second SAW resonator is smaller than that 

(Ip) of the interdigital electrode of said first SAW resonator; and 

a number (Ns) of finger pairs of the interdigital electrode of said second SAW resonator is larger than a 
number (Np) of finger pairs of the interdigital electrode of said first SAW resonator. 

48. The SAW resonator as claimed in claim 46, characterized in that a film thickness of the interdigital 
electrode of said first SAW resonator is smaller than a film thickness of the interdigital electrode of said 
second SAW resonator. 

49. A band-pass filter characterized by comprising: 

a plurality of SAW filters (F1 . F2), the SAW filters having respective pass bands and SAW resonators; 

a pair of input terminals commonly connected to the plurality of SAW filters; and 

a plurality of pairs of output terminals respectively connected to the plurality of SAW filters. 

50. The band-pass filter as claimed in claim 49, characterized in that each of the SAW filters comprises 
a series-arm resonator located at a first stage of each of the SAW filters. ' 

51. The band-pass filter as claimed in claim 50, characterized by further comprising an inductance 
element (L) located between at least one of the SAW filters and the pair of input terminals, and 
connected in parallel to said at least one of the SAW filters. 

52. The band-pass filter as claimed in claim 51 , characterized by further comprising a capacitance 
element (C) connected in series between said inductance element and said series-arm resonator. 

53. The band-pass filter as claimed in claim 49, characterized in that: 

a first one (F1 ) of the SAW filters comprises a series-arm SAW resonator located at a first stage of said 
first one of the SAW filters, and a parallel-arm SAW resonator connected to said series-arm SAW 
resonator; ; 

a second one (F2) of the SAW filter comprises a parallel-arm SAW resonator located at a first stage of 
said second one of the SAW filters, and a series-arm SAW filter connected to said parallel-arm SAW 
resonator located at the first stage of the second one of the SAW filters, and 

that the band-pass filter further comprises a line (S) used for phase rotation and connected in series 
between one of the pair of input terminals and the second one of the SAW filters. 

54. The band-pass filter as claimed in claim 53, characterized by further comprising an inductance 
element located between the first one of the SAW filters and the pair of input terminals, and connected 
in parallel to the first one of the SAW filters. 

55. The band-pass filter as claimed in claim 54, characterized by further comprising a capacitance 
element (C) connected in series between said inductance element and the series-arm resonator of said 
first one of the SAW filters. 
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[ii^:®i6] ^(ons.'mMm.ifi. 6 4- y 

*f hXe»©L i NbO, ig^-C«>«3. 

fio^ 2 ©-«^=-5ittaMsy^tis»?^me© jaw 

a= 2. 2 7 3 x 1 0- 
J: 0 < ^c.S cfc -5 4C^«?)/c1tfiS t L/fcC 1 5r!RFSti-r 

1 8 ] 3f^©JttiJSjKa (frp)«rWTS^ 1 
(frs)«:feo||2©-ig^*f#tt^® 

?»JM©^^JgS^^tifflifSil«:^igS u-r /j: s^^-S©?itt 
A;^^^^ < «tij;^)Wj©t->rn*Hc^fei5t<^s^i-w*iii: 
^mmm^i^no-f > 5^>y^*i*nj: o s© 

iS?>JffiB*^S©-i'>f-4?'>y^J;«3/h3C» (05 2) « 

c^*^ 1 9 ] mM<D^mmm& ( f rp)?: wt- i 

(D-m'f-M^^mmmm^m^mmiic. mm i ©^^si 
soy&i^mmm.^ (fap)KB§-s:-r-s*^st<«ctij: 



+ t) / 0. 0 8 -r) 

20 [|S3] 

a=l. 4 7X10-'/ (4. 3 7vTF-l) 

m^m 1 7 ] m^m 1 4 ©isjEms®*^. 4 1 • y 

i3 'J h XeSft©L i N b O3 Sh^-c* d > 

iuifi©fiiAf/frs*>\ 0J;«j7»ct<flo;x^-cS 

mo 

'/ (4. 5 2 /F- 1) 

Xt}Wmb < Wffi;^ffi'J©t,i-rti7!»>{c^4>aog^1-§65!>5it 

[18^2 0 ] WS©^^jlMIS^I8t ( f rp)*WT6^ 1 

(D-m^M^ft^mmm&m^mmic. mm 1 ©^^jg 

OWt»ftfijg«St (frs)«r'Lom2©-SS^>!*?itt^® 

A;'3ro^u < »tB;'3ffl'J©t-^-rii*^ic«*>iaii«^i-gs*5ii: 
50 K^^^J©(t?'J*tiS©'/ > f - y> J: fj H© 



[ w^a 2 1 ] m^m 1 8 x« 2 0 momms^mcDm. 

*-SMC^4i^/c-r-<>f-5C>X%Wr-5 (05 2) m 

[ 2 2 ] m^m 1 9 xtt 2 0 momm^mo)^ 
{ n^m 2 3 ] mn.<mmmm& < f m)* w-r •sn 1 

g® Sfttija-i^^S: ( f ap)«cBS-i5:-r b < «i c ti J; 

OiSC^^fiJMjg?^ (frs)4 2 CD-S^->l?f?ftt«ffi 
®T F5$>Xj;fJ/h3(,» (36 3) ^RSiiUfcCt* 

[ mmm 2 4 ] m^m 2 3 ©ss^i-M®3fe?iJBiE*fis 

[f»*S2 5 ] m'M.(D^W^m^ (frp)^W^-SII 1 
®-S^^M5itt^Bi^«jgg*M5»JWCC, ten 1 ©^^{i 
S©i^«^?SIS ( fap){cB5-Sc-r -5 Ipm C < » J: f) :^ 

^Mso -Y > f - if > ;?.*5-e-n X K) mm&nm^m^ 

©-/>f-ii'>Xci:f3/h3l,» (06 4) m^tLtcCt 
*#aii -r •55«tt^ffi2g7 ^ ;l/ if, 

[ If 2 6] if 5}?:® 2 5 ©paJI-fiijOitJ'M^tJig 

© ^ fe^i^j: < i 'b-:^r©ii.?'JM««g©-^ > f - 5f>;^ 

(064) mmtbfcct>s:!^wifrm\tmm 

^y -iiVii, 
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[ii33?]S2 7] if*:^1 8. 2 0, 2 1. 2 5X«2 

6(DW\tmm^y ^ ;uif(c*iii-c, 
»l©e5»JIS*^JiS©-<>f-^>;^<fc«3, >'b3<-r€./c 

^i©m-ctaii9i*-6»iiSfi*, -enj:>5rtffl©iiL3?'J 
(05 3) mis^t L fc c ti^mtr mammmy -i 

10 Jl/i^o 

[ii3R^2 8] ft^3Sl 8. 2 0. 2 1. 2 5X»2 
«^i-»I©it9iJK^t|gS®-r>f-if>::<>6. -etiJ;«)rt 

«nffli©a:9ijiR^^siiii cn'snm^h-o^m^m 
mLtcmmtbtcct^mmi^rmmmmmy -tJi^ 

20 [iS*52 9] ^^111 9, 2 0, 2 2. 2 3X»2 

«^1-ffliJ©afe?iJftfiiS©r K5i?>;<^, ^tiJcf) rtfflij© 
a6?iJMitiig©r K 5 i?>x J: 13 , /jN$ < iri>fc^K.. 

Ri^liS®Pia{c9iS S»«ifSJ: 0 fe/jNS < O/t (0 
5-3-)"«R)E-i tfcC <!r«:!SSj-£TS»«KM«7 
if. 

{mm.^o\ n^iQ, 20. 22. 2 3x«2 

30 4 ®5¥14^E»7-f Jl-^tcteVi-r, 

^ffl'J®3[fe?>J*}gS®T K 5 if >X4. -etiJ; 0 rtW® 

IgtH^JtcSiKL/cfe®?:. ^tiJ:DF»9ffl'J©ilfe5tJ95«cIB 

gLfc (06 3 ) WfiRtufcc t^'m^tt^i^^mm 

m^m 3 1 ] mM<Dmmmk ( f tp)^wr -s^ 1 
©-S-?^5ittailDjgftigg*afe?U«E(c, 1 ©itjg 
S®S^^sm» (fap)K:BS-mf 5*>^L.<»<fcD:*c 
40 t )5:itjgjljg?|^ ( f rs)^ 4> on 2 ®-ffi^>Pt?itt«Mig 
fttiS?riS9»M{cgML'it«I^M©5itt^ffijg7 ^ jUi? 

ten 2 (D-^^mmtm^mMm^mm- siwjBms 
ommffisti}- (rs) nmio-^^nm^^mA^ 

JlS*?15fiR-rS»Mmffi©«^»in^ (rp) JcfJfc/hS 

[ mm 3 2 ) 3 1 ® ^ 2 ®-js^ 

ffijS*®S4^BSrr?.fl»i^Se®flM«tn:if> (rs) =&. 

mm 1 ®-iS^>!t?*tt«aDj^{is?:*s^-r-5.i®ss@ 

50 (D^mK^ ( rp) i 0 ^>/Ja3 < -r te02 © 
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^mTmm(mo^ dp) J^*)^m< ^2 
(Ms) *i. mm 1 cD-jgT-*f5iffi^Bis?*ms*^T 

m^m3 3 ] m^m3 1 ©km2 ©-ss^-jsf j^isa 

Ha?^^ffiS«:JI5fiS-r-5.«S^«®©S^fiia;» (rs) 

mm 1 ©-ffl^-M5itt«M2^!is=&«»s-rs®sm@ 

©HMfita^® (rp) J:>)M^S<-ri>^mt. ^1 
[0 0 0 1] 

[0002] ^a®aF«9©@«i« • «^ms©tt«© 1 

933. SMUz^^'L^tLX. ±8. 5 MHz 

[0003] m^^mmy ■< )\'^^t±Moy\±m^mc-r 

jS^»i*5J:b^JSil®CC iyX 2 %W±i JSC* C <!: > 

5~2 d BWTi<&(<^C<t. (3)W)Ig*52 0 d B 

[0004] C©g3j<5:i«§/c-r^cist>. Jittaffijg^ -f ^l' 

5ftt. ^^*©^•7>;^>'^'-1^■;^S^K:«;*)-5-c. «it4*iB 

[0 00 5] 

[i¥*©ef5fj] 07 0 «. #g3Bg5 2- 1 904 4^{C 

•r. 

[0006] c©-7 ^ Jl-i? 1 ilJiJK2 K:?f14^Mig 

*t^s 3 u . mm. 4 (c?f 5 ^le 

SL/. a-:)aE5>JM4©Jt|gg5©^ffiafefmfiC..^it 

5ijse 2 ©#tiis 3 (ommmm^mco, bfcmm 
[0 00 7] c(oy -oifnt, mi ucj^e-CTn-riRF 

[0008] 
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^. i|#tt«ai o-c^S-rjn<cc?co-CL*^, 
[000 9] «l)ie*2 0dB«±tbJ:5i-rSi. 

±ia©Sa!)»^wailS©f±«l«:ilA:-rc<!:*s-C#Aj:< tj: 

10 [0010] ^c-r. :$imm^t, mM^tms^m< 

[0 0 1 1 ] 

my ^)\^^2o ©MstgfiS^^f , 

[0012] 2 1 «SI1 ©-iST5itt^Ei^^fcSiSr* 

«3 . m'^<jym&fmm. tr,^mi>, mm 2 2 {ciao r 

[0013] 2 3«m2©-«^5*!S^®?Si^^S-e«> 

20 «3 . Ill ©^^tis 2 1 ©s^^® iss: f „ (c t^-gr-r 5 

[0014] 2 5{i-r>^ri^^>;;^-e*0. HI ©^^« 

S2 i{cat5ijtc#jinu-c*«3. mm22K.mh-ci3 

[00 15] 

*§*cc> ±iaMffl{cot,>-cw. *«FfF©iisittWcc^bi£:^ 
30 [0016] nwm^ifiy ■( i^^^^mttp^tt^^m 

(^^Wfig: xu^ hD-^;j!i««. I 9 74¥^m 

[0 017] lJlTCti*»K:bt:;^*i£-4-S. 

[0018] ^il'rSri^^r^n^S^W^C^^MIsI^* 
02 KItSTo i3)iaK:tet,^-C$4^©7'^ y i'X*s5i 
tt^MiSyttigs 0.31 -c^s. 

[0 0 1 9 ] 4-, ifta^©tSS&ffc©fc*, ?i14^ffij^^ 

40 g«:S!A^©^cc^';ri'5f>x[HiK-c«)S<t<s3eu. a; 

9iM©ftliS3 0©'r>f-:y>;^;&Z= j wm. 
©^^^3 l©TK5^f>y^^Y= j bi-r^o 
[0 0 2 0] -f^-i?A7^-^ftKJ:tl«. A;tlWm 

-r^t {02#M) . 

[0 02 1] 



exp (r) = W, • J , /V, • I2 ) -(1) 



(6) 



10 0 2 2 ] -c^m^ii,^-{ ^-i^&mtr (mmm) * [0023] 
tanh Cr) = tanh (.a+ j B) 



5-183 380 
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WL-Ci>n\i^SS?m.imt. CC«C. A, B. C. D© C= j b 

s&mtm 2 F mi-cm l tcm<om^^^» d = 1 - b x 

-etl-etl^lflT^Ox. b-C*-ri«T©J:^{C 10 

[002 51 



(2) 



- (3) 

Se-3r« (2) SCtt. ;^ccft4. 
[0026] 



tanh Cr) = Vbx/ (bx- 1) 



(4) 



[0027] (4)^j:f). 0<bx<l. BP^bix ★ 
frsO. bx<0*fc{*bx> 10^, m^h txii^m^ 

[0028] C Cr-S 6fC b i xCOmm^^^^^^ffJ 20 

[0029] -mj-Mw^mmmit:mmm3 ( a) (c 

ha:::f?>^i£l 976^1 1^29H-^©P. 76~ 
P. QStcf^) . 

[ 0 0 3 0 ]-^4 l.tt«S>Pf^r -4 2 {*gi0S-(3gM" 

ifi) . 4 3B®?^m@^S8-C*.S. 

[003 1 ] C©»0SffiliSta^<&Ma-rSi-l8K 
S3 (B) CC^S3nS<fc^^i:^flliISg4 5-C*§<l^. 30 

ccjc Co itmmmmommBM, c. . l. 

[0 03 2] C©3?ffi|51K4 5*. feiT. 03 (C) {C 

[0 0331 04 (A) (B) »^'?«Ji5««i*ia3 

(b) <DJ:^tj:mmM^vmLfcm<D^>li-'-if>XR 

[0034] l50©1#tt«*g{C j:S*Ji^ii^»{c 2 
•^©^^iSSgCf r, f a%4>o2m^^JiiHftti^^o_>r 

f r = 1 /'2 • ;t V ( U j X l I ; 



f a = f r • V C 1 + 1/7) 
r =C. /C. r^Mifc 



C C r f r ^^WmmL. f a ^SftffiJSjg^ti*^, 

c© J: ^ «c 2 mim^^ ^-o^m^^^^^nmsm 

liISg«r«fiS-r-# -e©ai«. 05 (A) 0-054? 
>;^©^?S^^tt©0tc4j^L/cJ:^>(C. f a p ^ f r 

s -ch'h^'iMumM.m'cvi^ 0 < b X < 1 tmtcz^ 

fcM^^Mfe^-eab X > 1 . < i»nfcMJ^-c»b x 

[0035] @ 1 vin^tmmmf&msinkv ^ 

sX' $ 1 {ira"5-( B) IMI4 7 t^^T^wVt-^ifffi^M 
[00361 Cjiie««i9l^SHD 'Xfc. co<J: 

[0 03 7] 05*i6^>^3!P5J:^{CM-> KigtJifC-e 

f a ^©M^^snrti^.. CO^A^A^ < <!:tvn« 

6, CC-Cf r. fa«S3 (B) ©^HK^^^ffi 

[0038] 
[i(8] 

- (5) 
••• <6) 
• (7) 



[0 039] ih^l^ig (Af/f, «) tt^Kf r. f 
a©M*>e>9iSot:L*^fcJ{). (6). (7)ie%ft 

(,>;x^©j:^cca2*is. 

[0 040] 

Af/f, =2 (fa-fr)/(fa+fr) 
H2/ (4t+ 1) - (8) 



SSSifeS-f <t^c5o L*>L.. C©fii«!|tP3ffS5 2- 1 
9 0 44#4i«ic4>IE»3nriiSJ;-5{C> 

50 «. Tttl 3 00t(±t«:^©{C*fly. m»mW{iK^# 
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• m^^^^JiSd' Yc u t -xetSL i TaOa Viit. 
r « 1 5 {4(D«itc;^c-5, kmmmt ( 8 ) S J: »9 . ST 
h^^B-e^^iO. 0 4%. 3 6* Ycut~Xet6L 

iTa03 r(i3. 3%£j5:6o fi^or. mwmmm 
BS5 2- 1 9044#(cia«snrtriSj:^{c. mmiSL 

^<Ut:i^<) . 06 (A) CC^xTcfc^iCSi^riib 

x> Jg^iLrO<bx<l?^cC'S>ii 

6 (B) ^(O^WXm^. 20 

CO 04 3] iMMmmo^m} i^:JL±o:>.^.^mw:'r^ 

(O^W^t^^-i^ ht^t <U<t ^-i^CO^Wi^O f r t 
\tr F 5 ^ >X«i:S:;*c# < -r i ^ 2 -yO^^^^mtc 

^ctj:^^ 30 
[ 0 0 4 4 ] ^-r. (DCD^ff-C^^^tj^cD f r . fa 

ST (A) . (B) CC-^^>Pt§f1^affii^«S0C 

[0 04 5 1 mi (A) I?!. iSSOta:. L*ft)!lI11--SBu 
f^cD >r > f ^ > Xlttt^^nTo 40 

[0 04 6] ^7 (B) . m2\tL^iim^^m<or 
F^^vxi^^Tj^-r. 

[00471 07 (A)J:9. L^w/ni-r^ci^cj:-:, 

r f r i f a©rH^Pi{iC;;!)^orCi-SCi:^>^^;^^^o C© 

ii^ris$^53 0MHzffi;Au/Co com^kt. 

r*5f r' ^i^{tt.yb/cife-C*^o C(?>^fam3ti 50 
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:^i>mcm}^^^fbmm (A) ^c^^-rj:^(^mt-r^. c 

[0048] :X^O(D^V$>^i)K T F 5 ^>X«iii 
H7 (B) 3&>6 4>HJ63&^(D<i:^CCL«r{tOar^Ctr:;Ac 

(A) ^c^TJ:^^c^«Wr«jttc/h$<^^j:'^rc>-So 

[0 04 91 0841. «5 5($. —-rXD^mSO^y^' 

[00501 08 (C^-r<:i: 5 n<S<D^tliS^g,^*r 
6 c i J: D ^tjg^gpcD >f > t' - y > X fflt^ n fS(C 

f a <b f r (D^CC-^l^r ^i. L^JgC^/cB^O^fc 
SiS«^Ot£*i 0 {J f r " i . 1 ffl<D*fc^S<Z)JS^(D f 

^ii-^-rciici:^ f ai f rOM{i$e>^cAt<i^cC 
a. 

04 4fc^t-<J:^(c^?iJ]KftJgS<OJSftJi;Si^^fa 

frs >fap tr^yiiif)^^^^in6. 
[0 05 2] {BO. frs >fap i L/cit^. 04 4(C^> 

[0 05 3] btftU. frs -fap = A f <h L/T A f 

[0054] i¥*ffl«iiis«?a 1 1 rf^^-r^o 

[0 05 5] 

[00561 03 ( B ) (tCn'^Vtcmm^mt-^^Mm 

^t^^^^^"r^»?f^^@o[)>r*i^. HPS. m^m 

tct C 5CDX 5 XCD^M3§^a*^C C^i^^tf^ijr 
a"r:frai^fflC\ ^tj^g^tSfflU/c (O.Ikata et a1,:l 
990 ULTRASONIC SYMPOSIUM Proceedinqs.vol .1, pp83«-8 
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6, (1930). Ctl^X^ (1) tr^o ) o 

[ 0 0 5 7 ] 09 (A) ^tmm^c-m^Mw^mmm 

■To 

[0 05 8 1^9 ( B ) 53:. 3fe^MfC. ttl4?JjiA 1 - 2 

%c u . 1 6 0 0 A(DmBmm<^ o -s-s^-^t 

(D^Vf^^V^y-fi- (L= 1, 5nH) ?&®3gSUcii 

[0 05 9] 09 (A) . (B) ^tfcK-r€>oc. 

[0 0 6 0 1 ^10 (A) ^t. mnm^ci^mm^mLfc 

[ 0 0 6 1 ] s 1 0 ( B) m.mm(^cit^^:^mmb 

[006 2] ^10 (A) . (B) ^m^t6(^C. 
immWif . f a, , fa3 :^^lf1PStCte#L:^d:C> 

[0 06 3]a^-pr. Ctlh^m^^i:>'iifcm(Dy ^ )V 

[0 064] immmi:imi lu. :^mmmi^m 
[0 065] ♦ m^^moitmorj: 

laior. ±8. 5MHz(Dmmf)mwjm^<omm^m 

r\ ^C35^e>- 5 5MHzgtn/c8 7 8. 5MHz^* 

'C^j^iSiSibT. ±8. 5uuz(ommi^^m^mti> 
[006 6] :$immmu. ±mo>m}^^(Dmmmy ^ 

[0 06 7] mm 6 1 ^C-^^*f5|tt»Si^tigR 

[0 06 8] afe?iJM6 2. 63. 6 4 JC^ ^ -S^*f5* 

[0 06 9] L, . , La ^^-f >^d7^^>Xl?^ 
0. ^^^t^R^ . R. . Rs ig^LTMUMe 

2. 63. 64ccgeut:^^. 

[0 0 7 0 ]^tjjg^R^ 03 (A) {C^-r» 

[0 07 1 ] *fiSt«l 0 0. PiPg&*8 0//mr^-5o 
[0 0 7 2 ] f;fm. A I -2%Cu-e^0. limi 

3. OOOAT'fe-So 
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[0 0 7 3 ] ^/c. «l«^®(D^»3*^®S^65r*'0 . 
m\m 2. 6 3. 6 4cticDSifcJiSR. . Ra , R^ 
CD^®iiKSi3:. 9 1 2MH z . J^^iKSfcti 9 3 4 

[0074 ] mm^ 1 *©^ftm^R. , R* 

9 3 4MHz. S^Jg®iRSc^i9 6 2 MH z i 
[0 0 7 5] -r^i^^^^^^XL, . . L, «*CC4 
10 [0076] ±iE«fiR<D?i14^ffiig:7 ^ 6 0 m 

12*. sesr^-riiii^tt^w-r^. 

[0 07 7] 'Y>^^^>XL7552nH. 6nHCDii 
01 l©'7^;i/3?6 0C[>aaJ^t3:. ^^012 
i^66. 6 7t?^-riP<{c;:c-So 

[ 0 0 7 8 ] 0 1 2 ^CiE':5C>r . ilS^i^tiiC^f-r-E) L 

^w&^mr^^t. ai3 (A) cD,^7or^-r^p<(c 

fcCS, C C-C. S/WAJM^:0^6 - 3 d BTJ&^o/c'ia^ 

[0079] wmc. m 1 2 ccs-^c^r . m.%^m\m 

20 EB[{C«-r-SLt&^?ffi€r^^D'r<t, 013 (B)(D«7 
ir7!^-riP<5c^j:^, 

[008 0] 01 2cl:D^:?&^^cfc^tc. L^^^D;^# 
J:^(c4nH<hLr^^o 

[008 1 ] 3^j:*5. LcDfii^^. ^ JU^<Df±#CCfSCT 
[ 0 0 8 2 ] 0 7 0 (iCfn-rm^m^Oy ^ 1 (DMM 
30 [ 0 0 8 3 ] 0 1 2 ^^MMoy ^Jl^eO (OMM 

^ me 5 ) ^m^<oy A yi^^ommm (S6 s > 

iJikgJT^Jc. :*^*iW:7^;P^6 0«. Wl^coy ^ 
}i ^ ^it^x . ^en 7 5 x9^tx ^ cciBi^^ifiJ&^E 

< . 7 6 r^f J: ^ tCjia^j^OjiPEg^O^iS < . 

[ 0 0 8 4 ] 0 1 4:^^0 1 5 0 1 1 (ow&^mm. 

[0 08 5] 8 Ki-fe^^ y^/^'':/<^r>->?^ 8 2{ty-i 

[0086] -fe^^ ^;l5'^^-^^--:P8 1 t3:T;^5 
^y!^mx$>K>. 1^-^X53:5. 5X4iiini' <D^S33&5 
1. 5mm<b/hSC^ 

[0 0 8 7] CCD-fe^^ t^v'N-^^-i^^S UCt^AuM 

cDm^^8 4.^-8 A.,mmLx$>ho 

[0088] y ^Jl^9yy'S2^t. LiTaOa MX 
^0. ^^X^t2^l. 5mm' CDJ^$5&^0. SmmX' 

[0 08 9] CCD:7 ^;b^^->:7'8 2(D^M^C. ^®t35i 
50 1 0 0. IBPg;&^8 0 Mm. Wm^A 1 -2%Cu. M 
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[0 09 0] ^/c-7^;l/^^:;:7'8 2CD^ffiCC«. ^> 
8 5.,SJ>'Ho(DT-XffiS-T-8 5-3. 8 5.,. 8 5,s 

[0 09 1 ] 8 6.,-'8 6.5t*'i^>7^^>^J^y^^rr«) 
A lX«Au»-e**3. S7t>52 5*im*r^«3. * 

[0 092] C(D^i^. 7^ir8 6.,. 8 6.,»^^H 
1 1 *CDfi5tJ»S6 1 CD-ase 1 aSCK6 1 b 

[0 0 9 4] CC0'7>rir8 6.3-8 6.5«g$3&^^^C 20 
2. OmmiSl^ 

[0 09 5] c(Dj:5tc. m<xm\.^vA^u-mmk<D 
[0 0 9 6] i&cti»;>j<>-r>y^^(DS^Si {M^'.m 
mmop 1 9 9cciaK) tc.i:n^^. iit^o^r? -i'vs 

6-3, 8 6.4. 8 6-sO^>^^^>:^«*^Jl nHi^j: 
[0 09 7] AnWoy-iy^^^lyy.^nhfc^^C^tC 

nr«:f^»r«>o . f^T^04 grc>'H4 i cc^^ 30 

[0 098] COJ:^tCbr. mi 1^(D>(>^^^> 

XL, , L, . L3 ^mf&r^. 

[0 0 9 9] mmm2}mie!tt4:^m<Dm2mmm 

[0100] m^. m 1 1 ffC^nirmf&^mtMmr^m 

[0101] mm^ mo^^JiSR. okpsa 

5 ^3:. 8 0 Mmr^-^o 40 
[0 10 2] M9iJ§66 2CC«. #t|iSRiA i ^ 

[0 10 3] ^ttggR^^jjupgAp 2 0aiii-C^ 

[0 10 4] gan^^Ap ti. lapsAs j:os<. ran 

gAs 01. biSV^^o 

[0 10 51 fj:^. ft^R, Rc;^R,.(D^|^Np , N 
[0 10 6] C(Oy -iJUdxQOit. SI 7*. ^9 ir 

TTirmmm^^mirs, so 
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[0 10 7] comm^^me bxfjkrmi icoy ^ 
;t.^ 6 0 (omMmtttm-r^t. mm^mm^^^r 

[0 1 0 8 ] S 1 8«. HI 6(DmfS.(Dy ^ )l'^(DmM 

[0 I 0 9] mm (A) mi ecc^f <fc^ccL3;>^>w 
sn^tirc^^is^. 04 2cc^Ti:^»«:L3&^«jjn$nr 

5 ) (^nr^mm^^omnm (a, > (ottA, / 
A, t. ^imnK^o^m^^^s-r. 

[ 0 1 1 0 ] ^^S|Jffig«. 4nHCD>f>i^^^>:^ 
9 3r^t-ip<^c^C'So 

[0111] ^fc. mis (B) {J. Ap /As iiiil 
[0 i 1 2] ilil^WitS. 4nHcD^>^^'^>XL 

3&^f^fla3nri>5^^&ctt. 1^9 5'c^'rftp<icAd:o. 
-^>^^^>xL*^^^^IPsnrc^^:cii#^tc«. 119 6 

[0 1 1 3] ai 8 (A) . (B) J;!?. «TCDCi*5 

[0 114] (s>mms2\H<o^tmR^.o:>mamA, 
*em6 irt<Dit«sR. c^>ran«As <fco«<-r'S 

[0115] 0Sfe^JK62iC-f >:$^i5':5?>;?;L, ^i^lM 
9 0 ^1 loyy ^)\^^6 0 tfClt^r^ iifi^i^ifiii 

[0 117] cm&m3:imi9u:^m^(Dm3mmm 

(>cj:^wiimmmy ^Ji^ioo ^^To 
[0118] m^. m 1 1 1 6 cc^-ritfiRgp^i 

[0119] it9tJi66 lOiaSSR. CD*tlSNs {*1 0 

[0 12 0] m^mezdc^t. ^tmRr,t^>^^^ 

yy.u tf)mmcmm^nxmbx$>6. 

[0121] *SiSRaB«. ^f^Np 50r^0. 
±iB©*JiSR, (Onms <l:Ofc*<. ^Ol. 5fi5 

[0 12 2] 3^cC:b\ ^t|gSR, SO'Ra.OllPfiAs . 

[0123] coy -4)l^l00it. 02 Oip. ^10 

iTm-rmm^ii^mr^o 

[0 124] coMM^^. .^asr^-r^i icoy 



(10) 

17 

Y ;b ^ 6 0 CDii j^i^Ftt t ttm- ^ t . MM^m^^i^i^ 
CO 1 2 5] ^/c. 01 Tifij^g ir^-rai 6(7):7^ 

[0126] fitor. :^mm(ov -i )\^^ m 

1 1 cD:7 ^ ji/^ 1 1 ccht-^r . fflii^Wa^l^K -tf T 

[0 12 7] CilJfeW4) 02 n^*^B^(D®4li*S«?tI 

t (om^mxt * c i o xmm^^^^m htcho 
[0128] a*, m 1 1 Jc^-r«^sp5>i*fjs-r^aj 

[0 12 9] iI^M6 lO-^^. 3fe?iM6 2. 6 3(Z?Pa 

[0 1 3 0] BID <. a?ijM6 i<D^-^. mm^^. 

[0131] 2Cc«. — 3(D#fcJgSRfitg/ct:f 

[0 13 2] |5|D<. mnm^^^at. -(o^msK, 

[0133] iHjIiOC. 4 CC«. --<Djfc|iSR« 30 

[0 13 4] C<Oy -iJV^ 1 1 0«. 02 2*. ^1 1 

IT'^Tilffl^tt^W^^o 

[0 13 5] CCr\ -f >:5^d7:$?>;J^L, SD^-O^t^ 

SR, , R, (omatDn^t^'^i.^xmR'rho 

[0 1 36] 02 lCD:7-f;U^l 1 0J:D. -r>^^^ 

>;<L5 t-co^mmR^ , R4 i^iuitr^xt. 04 

jtl^m^. S6 8 (01 2#^) r^N-r*p< r^So 
[0 1 3 7] ±fBw^>^^^>xLs ^iiftn-r-si. 40 

EPl 1 2r^^ct^CC3liii^ilgilii?5»55i;;t-r'5i^tcc. 

Eni 1 3xmirj^^(,c^mms.mm^fc. mmm 

< . ffiJS^M'jcc^^ 15MHz ^mm^iiu±vfc. it* 

SI 1 4t?^-rc:<i:<tc3feo/co 
[0138] c(Dt^«ir«. ^TOfPffK{^+^r^c 

^Cr'-(Difc^SR, . R, ^aiJjn(^/Co 
[0 1 3 9] CCD-(DftMSR, . R, ^mmtht. 
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[ 0 1 4 0 ] ,^ 1 1 1 8 tim^r^^. 1 1 

6 X^TvrtX ^ tiCW^hWkVClY.^X^mZ nrt^ So 
[0141] ;^j:46\ ii:?»J)R6 1 <D#t«iSR, . R, kt.^ 

[ 0 1 4 2 ] *;rc. 02 1 ^r^^MrnxmirJ^ ^ fc. ^ 
?'JJ|E6 2-'6 4fc, -Y>3^t>3?>J^>^»Abr^>J:l^ 
[0 143] CJISfeCT5) 02 Ui:$^H^om5«fe«?g 

^cf^^m^mm^y ^ 1 2 0 ^.Wo 
[0144] 0tti, 0 1 1 i^c^s-fmssi^tm-^tfC 

[0 14 5] m^m^zo-iy^^p^^Tsi^r (o^y^ 

[0 146] m(Oi^nM6 ^O-iy^t^^yTshz <0^ 

[0 14 7] w^^momme 4<D^>^^di>xLs 
[0 148] ccd^^k:. ^mme2--34(D^y^ 

Ccb^cjror. ^^^L-^ 1 2 0&S. 02 4*. jSI 2 1 

[0 149] CCX. >f>t$^>^^XLa OD-O 
^^^>:^m-^^±X4nHtmLi.mi KDV^Jl^S 
0 (DilM^tt i j:bl5 L r ^ ^ . 

[0 15 0] C(Oy 4 )]y^6 0U. 02 4tfi. ^6 5^ 
^•Tffljtfttt (01 2#M) =&W'r So 

[ 0 i-5^-v T^mMm<Dy 7j\r>^ i 2"ooaM#eti. 

hm^^ ctrj:<. 1 2 2 XfskTJ: ^ (cmM^m9\- 

[0152] mM^mJ:K^&m^mBnc-:>i^x^^t. 

y-i}V^BO CC^oT«9 0 2MHz fti&^—O^Mm.m 
l2 3b^^^j:-f)^-ytct(D(fCMLX. 8 7 5MHzi8 9 

So 

[0 15 3] CtltC^O. ZloOi^g®! 2 4. 125 

t<Dm<Dmm,m'mm i 2 a mK±m 1 2 7 i fj:s. 
[0 15 4] imme:^ m2Siit:^mM<Dm6mmm 

[0155] 04^. 0 1 1 (^cnk-rm^m^t^ft-r^^ 

[0156] afe^M6 2 (Om 1 05¥ft^H^^liSR,» 
02 6CC7T^Tci:^CcaJim@l 3 1 COWfflUC 

SftfSi3 2. 1 ss^ieo/c^^-r^So 

[0157] S*tS 1 32. 1 3 3 5i®liS@l 3 1 t 

1 3 2. 1 3 3 t<D^^\j^fsmm d 

d= (n + /8) • A <D 



Cii) 



IS 



[0158] ±fBJ5S*S 1 32. 1 3 3<D*tl»ii. 5 0 
[0159] SI*g^«ix./cftligR.»fci. 02 5tC^ 
[0 1 6 0 ] fte(?>3fe5tJlB6 3, 6 4(D^SgSR.5. Rsb 

[0 16 l]±iB«iS<O:7-f;L'^13 0«. 02 7*181 

[0162] ccoMM^itt. mi loy >[)v^eo(D 
MMm^ me 5^7jkr) (^tt^x. 9& i 3 5-cs^-r 

[0163] C cr . »; r p tS. 026 CC^T J: 

^ cc3fe^jw<Datgm@ 1 3 1 (Dmm(ics.m^ 132. 1 

3 3*lBgl//cC<i:CCj:or^*b/c*>©ra5€>o 

[ 0 1 6 4 ] C cr. S*fS 1 3 2. 1 3 3<DiBS:{4g 

[0 1 6 5] ilBCD^^Cfel^r. i8«:0;&^6 0. 5 it? 
^^b^if r y :7';b r , CD*i'^(Di»{i. 02 8 1 20 

4 0'CS-rjP<CC^j:^o 

[0166] i^0cp. ,^.141 i)^ V V 

[0 1 6 7] CCDC<h5&^6. /8€r0. 4 CC^i?>T$>So 
[0 1 6 8] 02 9 ti. 02 5 07^;!/^ 1 3 0 *J|31 
U/cSittaMig^-^ JU^^g 1 5 0 ^^"To 
[0169] 0cf3. 0 1 4 t^Cmm^U^t1^lt^^i>^ 

[0 17 0] 1 3 2. 1 3 3. 1 5 1. 1 5 2. 1 5 

3. 1 5 4«^^JSS*^r^€>o 30 

[0171] m 1 c7)-^T-*f5¥tt^ffiig*^Siso 
[ 0 1 7 2 ] 0 3 0 u—o^mm^m-^o * 

Q=Zo/Zm=Vo/Vm 
(Vo. Vm : aiaffiROf^ST-t^tDWil. :m 

[0183] C^a< <t:7 ^;l^t$?(Dcp.t:^^jg^f o^i. 
f 0 = 2 f o* / (1+Q) (1 0) 

msL^mifim 3^^. ^en 1 8 0 'rs-r<fc ^ jim^ 

03 StCTH-To 

[0184] 3&4a. 033*. giJcD U -7 r s 
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[0 17 3] CCD^m^Kr Ba«. i®jlim@l 3 1 (D 
16 0. 1 6 1 ^gBU/c«^r*€>o 

[ 0 1 7 4 ] 0 3 1 moMBm^nk-r. 

[0175] CCD^tmSRx B. JSMimffi 131© 

MffiiJtcjsttSi ur. X h u-y^rb>fMSffii 6 5. 

1 6 6^IBU/c1i^S'C^€>o 

[0 17 6] ^mmm7^m3 2it:^^BM(Dm7mmm 

jlS6M6<h[Hl«|cc«3fe(7>fiT^0o/c^>cDr. 0*. 0 

2 1 l^9rs'^m^u^t1^^^ti>^^^c\m-n^^{^ 

[0177] y -ov^ 11 o\t.. m2 \ <oy A \ i 

0©^%. §3fe?iJBB6 2. 6 3. 6 4<D^l©5if4^ffi 
ig^t|ggR^^, R^^, Rse^^^02 etCTnTJc^CCffii 

mm^i 3 iopiflij<z)/8 7:?^o. 4-c^*€>{igccs*fs 

I 3 2. 1 3 3^iBL/c1f;?£r$>^o 

[0178] C<D:7 1 7 0^cj:n«. 02 2*.^ 

I I ir^-r#i4cfc0 4>. a®^^(Dti5fe3&iia>^c < . m 

[0 17 9] C^«?II8) 02 7*(DU 

[ 0 1 8 0 ] ^T. HUlBSMS'f^aB^&C^n^ V 

[0181] u V ':f)\^<omfim^^mLt 

[ 0 1 8 2 ] V 5 :x 3 >rtiMiiit»ncD^^^m 

©TO^S-Of-^Vy^ (Zm) <be*^ffi<7)^^^ 
>b:-:S<^>X (Zo) ^(Dtb^:^^ < (.^ < C irS 

t^^/co ^n^i:S:Si^ (i) r*>ai-<rc^^J:^cc. m 

= 1 /2 + Qr ( t ) (9) 

[0 18 5] 034«a ( t) =0. 0 8(0^-^ 3fe?>J 

o r . |pI0 6 y ^Vl/:^^?^ ;t , 

Aa*3&^*^feOfiaurc^^o 3&*3. CCD0-C&*. aiS 
^m<D^^t>^i)^ (10) s;&cfieor<si§Mi]--^s[iu/c/c 

Cti^1iiET-<< . *^C>ia&^^9 3 2MHzCc:^j: 

5MHz/cC:f]SjiS^ffliKv':7 h LTC^^So 
[0 18 6] cn^il^CDJKJ?ior>*tj£r^^/c2?). ^ 

[0 1 8 7 ] 03 5 (A) . (B) . (00^18 
5. 1 8 6. 1 8 7(3:. ^^mmt^2 00 0k. 300 
OA. 4 0 0 0 A<DB$CDilji^14^>(tJSS-i±r^'ro 

[oi8 8]j^. mm^^^^^t^x^^*t-wmsLt^ 
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[0 I 8 9] m3 5f)^^m^t^rj:<t:'?(iC. 2 00 0ACD 
Fp . Rzmi^f^COmmiSiCD^) y y')\^r, f)^. 3 0 0 0 

[0 19 0] v-fj^L. mm^^m^'^fcm(rc^tzy^:^iy lo 

J66-C , No . 1 , pp2 3-30 . 1988) t fflctSfl^C J: 

[0 19 1] -ecras 6 (A) ^C|BJl*^^/c^<0« 
CO 1 9 2 ] QO\it^VV^mcJ;:^iM^^ 

mi 9 1 ^mtKmdc^^m^^fjkro mi 9 2f)mmm 
x$>^^ 20 

[0 19 3] I^S<fcf5^5^3!^^^cfc^ic. lfA«»2 50 0 
Affi-CM^C^^^I^jO^^g^L, *^j3 5 0 0 A< 

[0 1 9 4] 03 6 (B) (D^l 9 3^S. 112 6 4^(7)® 

lisffi 1 3 1 tmtm 1 3 2. 1 3 3 (omm^^^tcm 
[0 1 9 5] as 6 (A) , (B) ^m^m^cmm-r^ 

-SM^iJM^IggO^ffiSWAp (9 3 2MHZ-C4. 4 
umr^O. a2 6#Hg) rSitSftr^xb. 0. 06- 
0. 09<hAj:-E>, 

[0196] ±iaoMi**S^Jcs-5< i,(D 

X$>6. 

[ 0 1 9 7 ] s 3 7 {t:^^m<D^]^mm&y ^ >\^^<Dm 
I (o^^i^m'&mMm^tmz o o ^^r. 

10 19 S]mm^. 2 0 lJ!aJim@2 0 2. 2 0 3« 

mi^x^ D . A I m5L\tmmtxWL%m:m±m^ 40 

0. 0 6-^0. 0 9^<DJP^-C*-5o 
[0 19 9] C(7)SfJiS2 0 0^^2 5RC>'03 2cfiCD 

cDii«i^tt«. s 3 8 1^3. ii2 0 5 r^-rsti< ^C^c «9 . 

[0 20 0] n:^. ±iacDA 1 ^^Mi 

A 1 ut i^tdm^^ctt^xmmt)W&i)m±^^. 

[ 0 2 0 1 ] la 3 9 ±iBft|gS©^«?!lr^-S^tjg 50 
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^ZlO^ff-.^o 

[0 20 2] 2 1 luwmmm. 212.2 izu.m.m 

[0 20 3] cn^ti. Aug{r*^o 

[0204] wm^immz<o^mxc(rmmt^^cxh^ 

[0 20 5] A lCD«S/AuCDma=2. 7/18. 
9 = 0. 143r4)5fc*. MMmi^ 0. 14 

3fSL/r. n&mmK^ (oo, o oa e-^o. o i 3fg 

[0 20 6] C<D*JiS2 1 0*02 5Sa^03 2nti<D 
ftfig^R^e. R3.. RsB^MfflU/cSStt^ffiig?-? 
oilis^tt ^> . 0 3 8 tcinfin < & 0 . il®^i|{Cc y 

[0 20 7] C*Jfe0ll9] *SIMM(3:. 01 1*0-0 

[O2O8]04octJ. 014 licmrm^ssi^t^^z^r 

[0 20 9] 2 2 0. 2 2 l{tV>if'^^iKo:>'7^ ^u:^ 
hV yy'^^>X$>K^^ ^^ffi^'8 4_3R2>^8 4.scfc9 

[0 2 1 0 ] ^-^^r i^nx h y :/:7-^>f>2 2 0, 22 
1 CD 5^ r - X <!: ^ U r ^ ^ . 
[0 2 1 1 ] ^DX h y ':;y^>f>2 2 0. 2 2 

l(D^^•^->^^i^^ 1 OOym. v>f ^ nx h y t^-^ Y 

[0 2 1 2] -fe^^ ^^>'^•:;^->>8 l<Di:bMm^*9 

^ax h y :;r7*^-Y>22 0. 22 1©>0^i7^>x 
<iJ*2nHi&-So 

[0213] CUSS^^d 1 0 D 0 1 1 4icD^ 

[02141041 41. 014 (iC^rmfSL^^tMltr 

[0 2 15] 2 3 0. 2 3 U3:e:^^1ft5^t^(Dv^^nx 
hV yy^'7^>x^K>. ^^i^m^Rr . R, J:OMm 
Ur. :7 ^;l/d?5^-^:/8 2±CcffMLr*^o 

[0 2 1 6 ] g-^-f h y .:7y^^>2 3 0. 2 3 

105feffitC. ffi^85.3. S5.,mmLX$>^. 

[0 2 1 7 ] ^v^^ax h y '>:7*^^>2 3 0. 2 3 
Hi, J¥S>&53 0 0 0A. Sid^e 0 jum. ^S?&5^2m 

[0 2 1 8 ] ^^l^^^;;:7* (L i Ta03 ) 8 2CDi:b 
^^?:44i-rS<h. ^ax h y y^-<>2 3 
0. 2 3 l(D-/>^^i?>Xfii{i. 2. 2 

[0 2 19]&*5. ^>^^^>X€:. Jj^>7"-^>^'7 
>f1-86.3. -fe-^S --;t5'>'^•*:;^-e;^8 l±<DV-<^aX 
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[0 22 0] immmi i:\m4 2^t:^mM(omi m 

[0 22 1 ] mmco^'Kh. ^r*IS5fi«?!l(DSlSS0f^: 
[0222] ©2ts^©teW©«S 
(O^WM(o^mmmWLfB^ <fc 0 mMM < ^«>r . iiit 

^mm^W^-r^iyOr^^^ . S/C Af =frs -tap 
[0 22 3] ©^^JSmoS*:^^ 

mfiaSIIJSWKcfcCirti. fap =frs i^^y ^ )\^^(omM 

■Tcfc^^Cfap <frs t-t^Ct^^^fCo 20 
[0 2 2 4] C5-r6<b. |^0;{):»60J6:«)^&cfc^iC. fa 

p < f <frs <7)iiHt?«b x<o i^cC^:). m^(Dmmf)^ 

-<^i:^^CAf (-frs -fap ) COA^ $ ^*iM ur-^ 
[0 2 2 5 ] S4 A f =frs -fap ^^5&^6tiJjn 

[0 2 2 6] mm^^t Lrts. sMmm^m^^Wki^^ 30 

-^^Wj^O, 0 5CDL i Ta03 mB^%m<DA 1 

mmtmw^ o o o AtD^ff^ffli^^t^ 

[0 2 2 7 ] mA2 JC^-r J: ^ )^cCafe?UftJi 

[0 2 2 8] Lt^o. ^mit^^^mm^m[^(Dm^i> 
ttffi-r^/ci?). ^mt(DmmtM:i^mtj:y ^ )v^(Di±m 40 

m^(>cmnm^^ 1 8 0 fimxMmf)^^ o*tr^So isafe 
m^&(Dttp = c p /c s 1 -c^-s^o 

[0 22 9] H4 5CC4ol^r. (A) «A f = OCDii 
[ 0 2 3 0 1 ( B ) t^A f = 1 0 MH z <om^X$> 

mm (A) tkt^^t. mM^m<D&/mAmm3: so 
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ffifiE-r-Sm^iliii-r^) 3&52 2MHz*^e»4 OMHz'^ 

[0 2 3 1 ] A f(Dmm&.±^wmu^^^m^tixi^^ 

[0232] $fc, ^m\-mK&i>^m$tii>, 045 
(A) , (B) iast.^xMmmm(D^imwE& (04> 

fc^Ofc) *n 9dB*>62 0dB{C®C#3nrt>-5. 
[0 23 3] C<DJ:^tCA f =&ltttI$^^<i:#14CD3(# 

[0 234] 045 (C) »Af = 1 QMHziL/cl^ 

c n«^i^i*9 y -^fv ^mua ^ -a- s/ih <t 4> 0 , c o 

{»!-e» ^ 7*;Uf±^KJK©*^ 1. OdBiJ&r-^/c. Cti 

ts-ofCo Af = 1 QMHzAi. A f ^Srit/raSi* 

[0 23 5] CCDmCBUiiCDb xSWicDJ; ^ ^cfillC-fS: 
',Xi,^^<Di)^^m4b (C) ©Af = 1 9MHz©»-^ 

[0236] s-r, 042 (Dmm^mfS.-ri>^\mM 

fP«U. 04 6 (A) . (B) -C/T^-ri^feHISS^)* 

-C. ^J»S©i^*gS«TKS^>X^. <:?iM©^^tgs 

fco ^LX. ^©ffl*04 6 (A) . (B) K.7jkr^K. 
RAO, -f>f-^^'>;^Z, Ri>*TK5^>;^Y. 

[0237] -e©teM. 047 {c^K-r± 5 timm^^ 

?:f#fc. C©^14t*T K5 ^>X, '<>f-d<'>;:^©ifi 
^g|5©i?»©<ii, IP%b*/c«x©{ii-C*S. 

[0 2 3 8] CtiP.J:0bxSI©fil^it#-r.5<t'e-©Ji 
jK?Sif#14«04 8©<f: -^fc^c^. 

[0 23 9] IU0*^6fap <f <frs ©liH-C»bx8l 

[0240] b y:m<Dmim<Di&:Km I b x... I 
[0 24 1 ] 

[ft9] 

f = Vtap xrrs 

[0 24 2] ©^CC-^;^6n. ^:|ligP9-C«0. OBT 

ip-^ I bx.„ I fit*Jc©ffltiT-c*ntf. m 
mLtcmxm<D'^itRzmm\H ^-^i/jSJ^tK 1 d bw 

[0 243] Af >1 9MHz<!:-rSi. Ibx... I 

ffifciejjnt. m^it, ^Wio •:,-:f)Viii^ici dB« 
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[0244]fie-:>r. ibx.a, I m^mii^it(D±m * [0247] mnmco^itmmi^im^o^oi:::-'^:^ 
[0 245] «TccMcc-MtLri¥at-r^o yp i-r-^i. 

[ 0 2 4 6 ] 04 9 CCHB <h|5lD<fc^CC?*14gSiK*Jg [0 248] 

L c © 2 SftJgHSSr ifi^H b r 0 2 (D cfc ^ tcfi^^s mio] 

- j (OL)r,^ -CO^ ) 

Zs = jx =— '-(11) 

a>Cos (a>a«^ ) 

j coCop (a>ap* ) 
Yp=jb = — ••(12) 

[0 24 9] i%€>o ccr. ^ [1^1 1 ] 

[0 250] ^ 

<i>r«=27rfr.= l/ VUTTTTTI 

2 ;t f a. = 6Jrs /TTTTT 
a)rp= 2 f rp= 1 / TUTTITTT 
cst)ap= 2n f ap=<i)rp VI + 1 / r 



[0 25 1 ] t?**. ★ [0 2 5 3] 

[0252] (11). (12)^j:0b xa*^«)6 [tSr 1 2 ] 

C- (w.o'' -0)=' ) • -ca* ) 
bx = — . ... (1 3) 

[0 2 5 4] -sit [0 25 6] 

[0 2 5 5] ( 1 3) s;®bx«:s«i*#^sftiaj6S5: [ifcis] 
6>«a (bx) /a<» = 035>6**'). *n». 

£t)= Vw.p • 0),. ••• (1 4> 

[0 2 5 7] iife^, ^ [0 25 9] 

[0 2 58] cn^ (1 3) 5S;«:f1iAl>fcfil3&Sii3a^^ [S14] 
rt©bx«©ite*rfii©fb«Cfii<k>5:-5. Cn^&*i6-S<?: ♦ 

C.„ • (1 + 1/r) 

bx..x = (I 5) 

Co. • CI + 1/ (7 • Aiy/d),.) ) * 

[0260]ii&S. sK Hc[026 1 ]CC-C, 

Aa> = cOr,-ct)„= 27C • Af —(16) 

[0262] ( 1 5) ^*bx.., <!:Af/f„©ra^ [ 0 2 6 4 ] £i oT. P = C,./C,. {C<fc -^rM^cS A 

<!:0-CP = C„/C,.<&>•^•7^-^^^l/r:7•^3i. f /f r.©i*^ffla*i^-C#. ^n«(15)SC©l 

i05O©J:^K:^tS, bx... I =0. 0 6iL.r, iXSii&s. 

[0 283] l5lE(CfcC^r, 5feW:^il&^{C*J6/cb X© [0 26 5] 

«©it§<ii0. 0 6«T<!:l»^^ft^S,T^-rSiM«©-« [1^15] 

a= 1/ ( VH Cr' +t) /O. 0 6 -r) "(17) 



(15) 



27 



[ 0 a 6 6 1 nmitritmmtn-cft$'o . ^icj^ti 

3 6' hgaSL i TaO, -C«Sjl5-C*o 

tc. * 



[0267] CCD/cit). 
[0 26 8] 
[1^1 6] 



n^W-b- 1 83 380 
28 
(17) 



a=6. 6 7X1 0-*/ (4. 2 

[0269] iftS. 

[0 2 7 0 ] P= 1 ©B#, a=0. 02ttj:K). fr,= 
9 4 8MHz©S4 5<D||]te^©»^-CA f = 1 9MH 
zitcO. ( 1 8) S*«fiK0ti:ori,»4C<b*S5tMt?* 

[027 1 ] Afim±$^^^mt, ^mitrm^s 
[0 27 2] Tfiiammis^^^k' ©^!|gi:K:ltM 

TSfc*. 3 6* Y*-y hXe«(DL i TaOj ©rffi 
<!:. k' =0. 0 ScDfili^rfflC^r. ffe©l^t,^S^tS« 
M^^4 4>-5W*46 4° Y*-;. hXeiSL i Nb03 
(k' =0. 1 1) <t. 4 1* Y*--' hXeaSL i Nb 
O, (k' =0. 1 7) ©Tfii?r**-5i. B?**56. 

8. 4-c*^, i^cn6©k' ©fii«s:SR 

( "Applications for Piezoelectric Leaky Surface W 
ave":K.Yamanouchi and M.Takeuchi ,1990 ULTRASONICS 
S»MPOSILM Proceedings, ppU-lS, 1990) «:#ML//c. 

[0273] tj:*s. m 5 1 IS^SltT t^WSk^-h^ 
tStk' i©RI^*^-r„ 

[0 27 4] I^H©M<^«*3 6° Y*-;;hfe»LiTa 
O, ©k' <!:Tfii<t©ffl*^l>. 

[027 5] 

[»1 7] 

1 

r 



[0276] i L/-C*Ji&/cfc©-Cab-5, 

[ 0 2 7 7 ] H 5 1 ©|ig^*>P.. 6 4 Y" * h 1 4 1 
• Y*-:* h©X<^L i TaO, ©Tfil?:**^ C i*5 
■C*. B«ia<!:|Bli;<*tl^tir= 6. 8. t4. ALti 

[0278] (^mmm 1 1 ©«fiR 

c - -c, ^4 2S!yf|14 3 {c^j^-rjl*St«©1t^«:ot,>r 

[0279] 24UJ36* Y-LiTaO. ©I£«» 

S-C*f), 1. 5X2X0. 5mm©:^|t$-CS>-5>„ 

[0280] Ktima^hm^vimm.^^ (r 

a= I. 4 7x1 0-'/ (4 
[0292] tt£i,, 

[0 29 3] 4 1* Y^-v hXeSKL i N b O, ©ti^ 
{C{i. T = 4. 4fS)0, * 

a= 2. 2 7 3 X 1 0-V (4. 
[0295] tfe*. 



2 yF-1) " (18) 

5« p, ) . m3\mm^ (r > . aE^ijigittis (r p 
, ) . m.nmm^ (rs, ) . m\fmt^fSi (r 
pj ) ©)il■cjfe^■ctiS. 

[028 1 ] fli^©^^tig«M-!»--f FKJg«S2 4 2 

10 (®tss) *4>o/ii«ii-e$,^. 

[0282] ffl*r©^tjgS«t,.-:Jn4>gaPg*i 1 8 0 ii/ 
m. «ffi*g©)itl^5 0*f. SS4li*>5 0Mr*S. 

[028 3] 1®ff$«@*g©^«©^Sl£?'M^^tiSiii:9lJ 
S5^tfggit?^^-C«>S. 3^JBB*Mg©JlR8«Ap = 
4. 3 9jum (-'^"5'->lBi=^^^'f -/Wl : 1 "CAS 

fcfe. ^^•^^->l!i{iA p/4^ 1. 1 ym) , m.n^^ 

^©ii^(lAs=4. 1 6 Mm (|i]««:-'^^?->ifi»A 
s/4= 1 . 0 4 Mm) -C*^. 

[0284] ■en-en©^»!»*njp*a©*«g©^^s 

20 PliS?^ (frp , frs)*i§fS©{ii (frp = 8 9 3MHz . 
frs = 9 4 2MHz) tU^^'j^C 
A s =V. /frs . Siy: 
A p = V. /frp 

J:D9iSL//tfe©-C&S. CCr. V. «^ffiMi?3 0 
0 0A©I^©3 6- Y*5» hXetSL i TaO, ifeS© 
^HjS©l^jit?*0. *iie«JK:V. =39 2 0m/s<»: 

[0285] ±Mm^<jm\tmmm.-y -dv^zao^x. 
04 5 (c) {cs^-rj£^^-cB.o<ga5fe©iija#tt*w 

30 TSo 

[0 28 6] !6:*s. Af = 1 9MHz-C&-5, 
[0287] ia43't». A pydW4^;^-C4. 35Mm 
i-rSi. Af 3&S1 OMHzt&O. 04 5 (B) ©!Rf 



40 



[ 0 2 8 8 ] f^S, mm¥:n\i.A 1 -c u^^-r*0. M 
jiti 3 0 0 0 AT. mMm^mm,wsL2 4 1 ©xifc^iaj 

[0289] ;X(c, {^©iESSS^ffll-^fcJS^©*^^:-^ 

[0 2 9 0] 6 4* YfJy hXtStSL i N b O3 ©tS^ 
(Cit, r = 6 . 8 -C* 0 (17) ^{i. 
[029 1 ] 
[1^1 8] 



3 



7 
★ 



7F- 1) 

[0294] 
[|gCl 9] 



(1 9) 



(2 0) 



5 2 yp- 1 ) 

50 [0296] rmifi'hi < Jfe-SH. BP%mmfil*SilSi 



(16) 

29 

[0 2 97] CieffiMl 2D 05 2«*^H^©|gl 211 
[02981053 ». 052 ©|5I8g«fiK©?¥14«M^ 
[0 2 99] 05 4SO'®55«, 05 2. 5 3©?*t4 

[0 30 0] Q>^m<rmm: 

[030 1 ] *jDte{^©5*tt*®ij^7 H )v^{t. mm^\ 

^^.(Dm^mmik 7 -/ ji- K *i I, i-r , mMm^\m i 
o^^j&i 6 .s^fiiiEracDrBi© -I- ^ - y -r > f - X 

©■c*s. 

[0 302] C^itcO: f) > jffit^i^JCfcW .SJfpAa^* 

[0 303] <z>m^(o^t^-t2<omMjm 

[0 3 0 4] 05 6 (A) . (B) {Cm-ri^{Cii>^c< 

C ©HB-:5o©iaj^"J)5E«JlS<t afe?iMJ±»S©^^=-Mg! 

7 ^•;^3^©m^4EFaii^i^. 
[0 305] C©l^. it3nj)li«^g©^JS?^i^3rU 

t*. 05 6 (A) , (B) <Dmm.m.m\tm^^Kmtim 

ij^&Wrc^^tp'X-. zio©^^7"*5*o. cn6^^ 30 

|gCCS^L.fcfe©«. 05 7 (A) , (B) . (C) CC 
^■r J: ^ {C 3 -:>© 5r -r :/{c^ $ n -5 . 
[O3O6]057 (A) «Afc^S;^J^m©-:)3 3&siL?lM-C5K 
Zi,= VD, B. /(j, A, 



!|$ia¥5- 1 83 38 0 
30 

*ffe:&A5M?iM-c*s«^. arnvm) . (B) {JAtti 

**S^^«:M^JBi-c*SJg^ (*tit*M) . 1110 (C) ttA 

[0307] coj:'^ Hermit btcm-^. nxm^. ^ 
*»M<^c^4>©©> ^immE.mt^m-ti>. t<K. 

[0308] ut^ufiifi^, miimmm±a>mM^mic 

m^mtj: n ig± 0 $ 6 (cSIMt-r 
[0 30 9] -/>f-5C>XS^30Sffl^-C!&(,>i. 
EFa©«l? (0 5 7 tf ©^ 1 - 1 ' A>6n-n' Sr© 

[0310] m&mmm±(0's^mt^rfr^tmi 

1 0 1 og (D tife^, 
[0 3 1 1 ] g^-:jr#ffiKF4PI±©-f >f-^>XM^ 

[0312] -Xic, *feE^lsl±©-f>f-^<'>X^^ 

*0 {coc^riSiH^T 60 
[0313] 05 8{c:7F-rJ;'5{c. — JfKCc2o©^«:5 
4^-?-^i5! (Fff^J©4o©^S5!A. B. C. D) 

^. J^ffb-b' *>e>-?-tl-e<l©0SSM*M.ft:-f jf-i^ 

^.>.(2--^.j^.;;^.^5:|,i{e^bl.-viglt{*^t->r - 

[03 14] 05 8K:j7^-rJ:'54c[iISSU|iJ;S:,i£^fc-f^- 
i^-Y^f-^i'^XZ.^li. llSSl©4^S!gtAi . B 

1 , c, . Di *fi6-:>T:;j:s:©J:^(c^3n-5. 

[0315] 
[1^2 0] 

•-- (2 1) 



[0 3 16] l5F«K:|5I8S2fliJ?r<^;fc-fy-i?-f>f-^r 
Z 12— -J An tin / U 2 Ui 



5« [0317] 
[f^2 1 ] 

- (2 2) 

40 [0320] 



[0 3 18] cn6©'f^-i^-Y>f-5^>X»Al^JS 

[0 3 19] (2 1 ) (2 2) SC>&^Ot,>iM< ★ 

Dx Bi /C, A, =A, B, /C, D, ••• (2 3) 

05 9{i. mm<D-{>t:-^>:^1^^^m^mBm -tr [0 3 2 2 ] i^lHb - b' *.6;&ffll%*fcS«^r 

[0 32 1 ] 059 (A) «. '/>f-3?'>XM^A5M [0 32 3] 

t.mm^mv. (23) iC©^*iiSfcS iSr [|^ 2 2 ] 

Z. Yo 

r= "(24) 

2+Z. Yp 



[0 3 2 4] tfes, z. Y. w*^©^^-c»jija^ 50 «rcfe^±{coittJte,&i,>/ca)rfeo{c»&6>a:i>, 



(17) «Fra^5- 1 8338 0 

31 32 
' [0 3-2 5] cnJChL'^. S5 9 (B) . S/c«S5 9 * b' *»P.^ffiiJ<^fc-<y->>-f>f-5^>:^«. (21) 
(C ) imWb - b ' -C- ( 2 3 ) ^<D^4:mtc-rtiilb 
m.mitO ttj:K) . m^it^Crj:\,\ [0327] 
[0 3 2 6] mii. ^5 9 (B) ©Jg^. i^^b- * [lSt2 3 ] 



Z,,= VZ. /Yp (1 +Z. Yp > 



(2 5) 



[0 32 8] iJ^iS, i^f?b-b' d^^^Wi^fc-f^ 

-i^>f>b-i^>XZ,.4j (2 2) Z 

[0 32 9] S£o-C-r>f-^^>X^^*5in. i^WC 
©J5«^»0i^j:*. 

[0 3 3 0 ] 05 9 (C) i>mUiC'{>t^--if>:^^^ 
[0 33 1 ] ^;iCCC@5 9 (B) , (C) ©J:^<a:fi^« 
[0 3 3 2 ] 06 0 (A) «. 05 9 (B) . (C) © 

sssffi^s^stcjg ii Lxma^rs^ n o 2 ) mmm 

[0 33 3] 060 (A> ©^(iE-C. S:c^(C@¥S^L*5 

XV't^ili>iC-ri>tm6 0 (B) i^ffiKiO:^, 
[0334] C<Dmm. Mi>Xtiit}^!iCi&t.>m<D^1fi^ 

n<fc 0 i^fflii©iESc>[t L xm-^(D±^ § ® > f - ^> X 

[0 33 51057 -C^J^L/<i3aa©^©'fb©{±:^CC>Pt 

tcmmmthx. •€-n^n06 1 (a) . (b) . 
(c) ©:«rffi*n#p>ns, 

[0 3 3 6 ] 06 1 (A) «05 7 (A) fcm-r-S^ 
7^*53^i»B©«^-c*S. c©Ji^». igSP©ii:?iJ)S6^t 
-3<'>xffl©iii^r*)«3. s;/c. {fe:&©^a5©3£^JSgft 

^©rF5t>>Xfflt. F^W©a^JW««S©T F 5 

3'>;^fil©*^-c«).5)„ 

[0 337] (U«CC06 1 (B) «05 7 (B) ©. t 

tcmQi (c) »0 5 7 (c) <Dm^{mm^v$>^, 
[O338]06i (B) (Dm^ummammimfom 
^•c, MSgp©3£?ijas^tsgs©r K5 3f>xfii». 

J; DrtW©^^JjRitj6S©T K 5 f >x«©4i:&<i:^c-c 

[O339]06i (c) (Dm^imm§iit}im.mm(Dm 

[0340] 1 2©«fiS 



10 [ 0 3 4 1 ] 0 5 2 »2|s:^Bj©m 1 2 I^^CC/j: 
2 5 0 ©S*S«J^fiS*^-r. 
[0342] C©?itt^ffi«^7 ^ )Vdt^M:mt-r?>t. 

05 3{cjF-rSp<{c;^j:^. 

[0343] 3 o©ii:5>JiBi«i§ (R s t . R s . . R 
s, ) 1 3 -oa^mm^S iRPt . RP, . R 

P3 ) <!:A^p,fiSo, -en-eti05 2«:^-r^ffiiaK©j: 

[0 34 4] cn«=.©60©it|gg(3:Jt«;g§aS (9 0 
Mm) *i|^D-C*0, fioSffifg^ttS: (1 oost) i^m 

20 

[ 0 3 4 5 ] */c. S*tgSHl5|0{C:^^ J: ^ ^c3@*&S 

[0 346] J5WS©>Pt^» 1 0 o>(=tmsrs>€.. 
[0347] ajiM^jgg (R s . ~R s 3 ) »-r-<r 
^cSi^<Dfmmmm (A s) -vi)*). as = 4. 19 

[0 34 8] X. m^m^^ (Rp» ~RP3 ) <om 

So 

30 [0349] tmcoKtmt LX. C©«fiS(C>lpfT-Sfie* 

mi^^m 6 2 ic^s-r. 

[0 3 5 0] 052Siyf06 2®M:^rfcoi:»r. -r>fc* 

- Z, f ^5 n ■Sia?'JSe©-^^ftfe^ffijeitS 

s©^*m*, paps9 0 <im. *t^i 0 o*fc* 

[ 0 3 5 1 ] H^^Sl*. 3 6- YAyVXBML 
iTaOa •e©±{C5!|l14^ffiffiy*JgSi or 3 

0 0 0 A©A 1 ■^m(Dmm^-ii'-'>mmux$>ho 

40 [0 3 5 2 ] 05 4 4". Jli^2 5 1»05 3©:? 

2 5 0©!f$&^^-r. 5S&^2 5 2 W06 2©fie3S©7 ^ 
jua»©#tt*^-r, M^J: »32|s:*tfi0(l©7 ^ JU5f 2 5 0 

m<Dmmx<D^m*i±^(.\ 

[0 35 3] ;JC«:06 2©fie*©7-*;l'^{C*Jt»-C. m 

(mm ( 3 ) ©T K 5 i'>;^Y, xm^ri^mmmm 

©*. >FflK*l OOSSt*:>6 8 0*t«:jg6trTK5i'> 
XY, ©{ii*/h?< Uycl^©jlja#tt«r05 5tp. Ii2 

50 SEor. JgSP©TF5df>xfil»l/2<bU!&:< 



33 



[0 354] JW±. ^61 (A ) <Dm:^BK.M-r^mm 

[0 355] (.mmm i 3 1 0 e 3 ^^bjod^ 1 a 
mmmi'Ctj:i>m&.mmi^y ^ 2 6 0 ■c^.s, 

[0 35 6] C©?»tt*S»E:7 ^iU^SflJ. 06 1 (B> 

[0357] CCD3itt«MM:7 -< Jl-^ 2 6 Oit. 054 
©HE 5 1 ■CmVtch<Dt^mf3:m^mmm=S:i>tcib 

[0 358] immmi4}m6 4:it. :^^m<Dmi4 
[0 359] cam^mmk-y -t 0 e i (c ) 
[0 360] caM^mm&y ^ti^zi oi>. 054 

©$82 5 1 -C7r:L,tc<b<Dtmmt3:m^1S3^ilk^i>tctb* 



(18) #13^5- 1 83 36 0 
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[0 36 1 ] ClSSSfi^l 5] >X{C*^I9©»1 5^0(1 
{C):c-5>?ift«M2S:7 ^ ;l/dJ{C'^t,»r06 5 Sana 6 6^ 

[0362] wmsimoMs 
siig©fits±. s-r*ig6s««©eistco»,>rgi?«-r s. 
[036 3] 3^jesiM». mmmm^ii ^mxm^'^ 

©:? f #14©»A«5^€rffii^3ii:* fc©t?*S. 

[0 364] ;j:cc, :^mmmmmK.-o\,^xm^-§ri>. 

[036 5] <Z>:^mM(Di^m 

[0366] C C-C. 3£?iM^*JgS©T K 5 ^?>X?:. 



b : ■!f-fe:?"$>;^^ 



-g., b . r . X© 



r : ffita:55- 
X : vri^^: 

[ 0 3 6 8] C ©<fc a^C^m-r 
Jiljg^#tt4i@ 6 9 © J; ^ (Cite ^„ 

[0369] mmm^tm<or f 5 5r>:^ y. ©tf-fe:/ 

l^fapr-0 («) i^£«3. fap «±-e#^*iflO'+CC& 

[0 370] — Yp ©3>ii'i;^Sr>X:5}-g (06 9 
*©-^J*ie) ». lalSIJCfap r-^ffl^iO. fap * 
®;iS<!:^a!!K:a:i>l/. ^<?K:0{Cifi-:JCi-C(,>< . 

[0 37 1 ] i^an^^i'f >X:0-g{3:+OffiL*»t6«e 

[0372] it?IJM#tSS©>f > f - 91^7.^7., © 

Ti';S'>X:9'X (06 913©*^) «. TK5:S?>Xt 

S;^ffl*iO. 5 6CC+*^e>-'^#^^r^x.. f as Ji(± 
f »HfJ*>6O^ja'30>-C(,»<. 1 

10 0 

S 2 I — 



Y, = g + j • b ••• (2 6) 

5« [036 7] *fcifi^iMitJgSo.f >fc:--:Sf>x^£. 
Z. = r + j • X ••• (2 7) 

★ [037 3] JS5T;^r«0*^6m'7K;litinLr«9) 

JS^S^iS^fas r-SAfil^rtfj. ^nt^±-c^ft^ 

[0 3 7 4] r ^b.g<t|Bl«CC+©ffib*><!:6>d:t,>„^ 
[0 37 5] CC-C. Jl-^fttt;&{^^fcJ?>«C{J. lu 
iB369>JftlSS©-^^JMjffil^fap iB^J^^S©^^^ 
30 =<m.fvs t »IS— 15: L. < K^^*s-?>-?>;*c# o> c i j&s^ 

[0 3 7 6 ] 06 gOT^ISfCiO-f >f-df>y^, TK 
5$>:^©jgiagf{!^ttK:^t>i±r. 7 ^;i/$|5|8SiL.r 
©ii®#14?:77^-r„ 

[ 0 3 7 7 ] fap ^ frs ja^raM^^* <!: 0 . -enjii 

[037 8] |aIH*^6 ^>BJ^*^^c J: ^ {c. jija^«©# 
(Cip-CxJl^^^-Cti bRO'x « 0 tC^c^, 
[037 9]fie-5T, 7-f;U$<!:Lr©jljia!Rftt»S„ 
40 (*. rig ©*r^S 0 . 
[0 38 0] 
[1^24] 



1 00 + r + 50r •g+2500g 



(2 8) 



[0 38 1 ] i^c-So 

[0 38 2] C^-C. r>0. g>0-C*.5©-C. (2 

8 ) r . gittcifijn-rstJi' s„« 1 <fc o/hs < ti 
0. 20 1 og I s„ I ■c«3n^»Aa*«>ii:*cLr 



so 



[0383]fieo-C. r. g«^t(cO(ciftt>|i. #AM 

[0384] r . g »5*ttaMje*fss*0fiRr 
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[0 3 8 5] C 03 (B) 

[0 3 8 6] itmmmm<Dmsi.i&tn.^Rz/mmmm 

[ 0 3 8 7 ] 4-. /^•^^^'2g^Sc*f{C J;Sgta^»«J^m@ 



a9) !f#ra¥5- 1 83 38 0 
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[ 0 3 8 8 ] 1$CCx = 0(O'P'C''mm^m'Cit r = r ^ 
[0389] M5«JM^®§<Dr K 5 3? >;^(03> 

[0390]^. mB'^<Dmmm<DmKm^p, . « 

gJ§©*i*W. 1^114 til/. iS^JM^^S©g§nS* 
1. . S*I»*N, irsi. 



/ (N. 



t/ ( 1 



W - t) - (2 9) 

^^N, i-rst. m-miR. m-^mirm^m-^itp 

• p. ) • • (3 0) 



r = 1 . • p, 

[ 0 3 9 1 ] M5>JBfi^g©l§nS^ 1 . 

g=Np -W 

[0392] SE-^r. (28) SitCfcWSSAa^CC*}* 
r+50r-g+2500g 
= 1. • P. / (N. • W- t) 
+ 25 00 • N, 

[0393] (31)^<tf). iiL?iJBeitJiSttPaPg 1 

«>-S>C<t 355:^*^^0 #(C. 1, / I, <1. Np /N. 

r=50r*g+2500g=r. 
yr. ) 

i^cS. St-^r. (r, /r, ) <1, BP^r. <r„ 

■r*ti{3:»Atg^©ttABWJfij-c#s. [0 397] s ^(,cmmmm^mmLX(,^i>^m(om 

[ 0 3 9 6 ] i^jrfc, C©li-^1. ^*>*0ftst)3ltfSi 30 m^mm<D:^=& t , . 36?iJW©3??rt. tT^t (3 

^ iffiintfAK J:SM5lJ*tBg©QlgT*S#> iS^jg [0 398] 

<iJ©^J^«IES*sS< S/cisf), -€-©A# 3 CC«KS^ 

r+50r • g+2500g 

+ 50 • (1. /I. ) 
W- t. / ( U • Po 
L i TaOa -C&O. 



+ 50 • ( 1. /I, ) • (N„ /N, ) 
•W- t/ ( 1, • p. ) - (3 1) 

[0 39 4] CCT. C©ae&{C-:3t»-CM-<4. 
[ 0 3 9 5 ] ±15 ( 3 1 ) ^CCtet^r . r = r 
. ( r . : ie?iJ)6B«®S©m«iS!n) g = 1 / r . 

( r . : tmmcym.'smK) x^^^tf^h 

+ 50 (r. /r, ) +2500 (1 



/t. 



= 1. • P, / (N. • W- t) 

(t, /t, ) +2500 • N, 



S£or. t 

-So 

[0 3 9 9] c©fi(c^i^st^;^©s^c^ (p.,, p.j 
m.vxy ^)u^i{^K>. po.ypoo<i i^-r^ci^haj 

[0400] i3)mmm 1 5 ©«a 

[ 0 4 0 1 ] 0 6 5 it^mmoym 1 5 mim<mn.mm 
i&y ^}i^^2 8o ©iHigg«^*^-r, 
[0402] 086 itmo sojm^imm^Mmcuftvi 

[0 40 3] ffiCifcJISS«2 4 lti3 6' Y*>hX 



• (N. /N. ) 

) - (3 2) 

^*tsf4« 3 0 0 0 A©A 1 M-C 



[0404] i£^jM. 3fe?iMitK:. mmmm<D 

40 pgPSl. = U =9 0Mm. M^N, =N. =100 

*tr-*.5)©ic*fL. *iiiiFa-c«, m.mm'S:. i. =4 

5 am. N, =20 0)!t. S^M* 1 „ = 1 8 0 Mm. 
N„ =5 0MtLfc, U >1. N. >N. X 
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